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A -thod of controlling nematode infection in sni.als and a composition 
therefor. 

FIELD 0? INVENTION 

ft. present invention relates to a method of reducing the number -f 
active, animal parasitic nematode larvae in an ex.iron.ent o. -x- 
: £ls so as to reduce the transmission of nematode infection to the 
£ ni*ais habiting said environment; a composition for controll^ 

- - nmc^ss for nrenaring a rungai 

animal parasitic nematodes; and a proc-ss ^. . 

material of a nematode- destroying fungus. 
TECHNICAL BACKGROUND 

Kematode-destroying fungi are an extremely common group of more than 
,50 nicrofungi (Barron, 1977 CD). Host species are round withrn the 
order *cniliaies «n^) °* *• Fungi i^arrectr, *U 

some belong to the order Zoopagales of the class P^«- -J"* 
by Coohe «, Godfrey (1964) (2) lists more than 90' species, xocay .here 
.re several reviews on aspects .of the biology of nematode-destroyrng 
fungi (Brechsler. 1941 (3); Soprunov, 1958 (4); Duddington. 2 . 
Praaer, 1964 (6); Savre. 1971 (7); Barron, 1977; Peloxlla. 1981 (8), 
and ttankau, 1981 (9)) . 

Kesatoda-dastroying fungi nay be divided into three groups according 

co their mode of action: a predatory, an ovoparasitic and an en=o- 

narasitic group. Protozoans, rotifers and especially nematodes are 

"organises that may be trapped by the group of predatory run.gr. To 

«ao nematodes, the predatory fungi develop different hinds or cap- 

tur',,, organs like constricting or non- constricting rings, sticky 

wlel hlbs, branches or. for instance in the case of Arthrous 

"go***., three-dinensional sticky networks which are the eost.com- 

M ^ of trapping organ. As is the case with many predatory rungr, 

, s nece » SS ary for the induction or traps m 
the presence or nematodes is n«c~ss~./ 

„ . y * TQ77 run Studies by and Jans son c= 

A oli^osvora (Nordbrixig- Hertz , j.977 (UJ ) • ^ > 

NordhrWHerrz, 1979 (13), suggest that the living mycelium or A. 
"c^por. also attracts nematodes. Once nhe nematode is trappeo, its 
cuticle is penetrated and an infection bulb is formed fro. wa.cn 
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trophic hyphae grow into the body of the nematode and absoro ^ con- 
tents (Shenhard, 1955 (14)). Studies by Olthof 6= Estey. 1953 (15 , 
see. to suggest thee when the nematode cuticle is penetrated by A. 
oligospora, the trophic hyphae give off substances which are toxic to 
nematodes . 

^ ^ouo of nematode-destroytag fungi is widely distributed and may 
be isolated from leaf mould, rotting wood, partially decayed plan, 
-sidues, znoss and dung (Duddington, 1951 (16)). Archrooctrys oligo- 
soo^a, one of the most widely distributed predatory fungi, is the 
Host common predatory fungus in agricultural soils in a temperate 
climate (Sheohard. 1961 (17)), and it may also be isolated rrom 
cattle dung. (Juniper, 1957 (18)). In fact, Zopf (1888) (19) described 
it as a dung - imhab icing fungus. 
15 Grovcn ap.d tran formation of .predatory fungi is necessary for nema- 
tode destruction. In general, predatory fungi are capable of sapro- 
phytic development but they are poor competitors in many soils wnxch 
■ ; £csn concain factors fungistatic to conidia and perhaps other garmi- 
pitfv units (Cooke, 1958 (20)). Conidia in such soils are lysea or 
20 capC uring organs ere formed directly from the conidia (Hankau, 1962 
(,1)) Trans created directly from conidia may represent an adaptxon 
of the predatory fungi to survive in highly antagonistic soils using 
only nematodes as feed. 

Predatory fungi occur in nature but it has proved very difficult to 
alt- the environment of the soil to favour predatory fungi by tne 
admixture of organic matter (defined as a residue or waste of Bio- 
logical processes or decomposing matter of biological origin, e.g. 
compost or manure) or fungal material. 

In nutrient-poor soils, predatory fungi are more or less inactive^ 

„ _ r rn72Tt:~T~ "is added as this 

until a fresh, energy source sucn as organic n^u, — 

stimulates bacterial growth and hence nematode multiplication. On the 
other hand, when large amounts of organic matter are addea to tne 
soil, the activity of predatory fungi may decrease as a result or an 
increased intensity of competition from other soil fungi. 
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When predatory fungi are applied directly to soil, soma species ap- 
„.a- to be able to compete successfully with the soil microflora at 
higher inoculum levels (Cooke, 1963 (23)). However, there are great 
difficulties in establishing profitable productions of the sufncxent 
amounts of fungal material necessary for predatory fungi to be as 
effective as chemical agents used in modern agricultural production 
systems. It may therefore be expected that in many cases biological 
control agents will act less quickly and directly than chemicals. 

Biological control of plant parasitic nematodes by adding organic 
• matter, cultures of nematode -destroying fungi or both to soxl nas 
b =en successful in a few cases, as indicated in the examples summa- 
rized below, but most efforts have been inconclusive or negative 
(Cooke, 1968 (20)). 
15 Host investigations of the effect of nematode -destroying fungi haye 
been concerned with plant parasitic nematodes in soil (Kerry, -98. 
(24)) Some of these investigations have demonstrated an alreacy 
exiting biological control of plant parasitic nematodes in the rxeld 
by naturally occurring nematode -destroying fungi (Stirling et al., 
20 1978 (25) and Kerry et al. , 1980 (26)). 

Work on the control of plant parasitic nematodes was initiated by 
Linford (1937) (27) in Hawaii. In this experiment, the incorporation 
of fresh Plant material in naturally infested soil resulted in a re- 
25 duction of the number of infective larvae of Heterodera marioni, 

- r • rr . a „ d ac Hv-:ty of nematode -destroying 
perhaps as a result: or increased acu-.v_^ 

fungi present in the plant material. 

admixture of the predatory fungus itself to soil as biological con- 
trol of Plant parasitic nematodes has been studied extensively in 
30 France, where two commercial products have been produced. 

Cayrol et al. (1973) (28) developed a product based on a horse manure 
isolate of Arckrooocrys roousta cultivated on rye grains (Royal 
300«). The fungal product was reported to protect the commercial 

. r ro ^ arrack by the mycophagous nematode 

30 mushroom, Agaricus oisporus, from autac*. oy j 

■ 7 ■ ^rrUnnhatms A. robust a had no adverse effect on the - 

-,,,-H-oom mvceliua and grew rapidly in mushroom 
development or tne mu^n^oom m^c — aluu 
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COEO ost. In mushroom cultures seeded with 1% A. robust* product, 
chare was a 40% reduction of the 0. myceliophagus population, and the 
mushroom harvest was increased by mora than 20%. 

Cayrol & Frankowski (1979) (29) developed another product of Artbro- 
bocrys irregularis grown commercially on rye grains (Royal 3,0«). In 
fiald trials, A. irregularis was applied to the soil at least one 
month in advance of planting at a rate of 140 g/m 2 . The results 
showed a good protection of tomato planes against the root-knot nema- 
tode Heloidogyne. 

In tb= field of medical helminthology, Soprunov (1958) (4) and his 
staff carried out extensive laboratory' and field trials of predatory 
fungi in Russia. It was found that a number of isolated predatory 
fungi were able to destroy hookworm larvae such as Ancyiostoma ouo- 
15 danais and Sector amaricanus pathogenic to human beings. In the 

period from 1954 to 1956, predatory fungi were annually spread at a 
"ra« of 100-150 g of fungal spore powder per m 2 over the soil in a 
coal mine where hookworm infection was a serious problem among the 
miners. A total of 400 kg of spore powder was spread in the mine over 
a period of 3 years.' In 1953 Trichothecium glooosporum, T. pravicovi, 
Arthrobotrys doliofozmls, A. feirghiria, A. arcorobotryoidas and A. 
suoa-ba grown on chopped com were used to produce a total of 90 kg 
o- : snore oowder. Later, "from 1954 onwards, about 310 kg of spore pow- 
der were prepared using Arthrobotrys ollgo-por* and A. doUo&umls 
grown on oatmeal medium or chopped corn cobs. Following the introduc- 
tion of predatory fungi into the coal mine, the incidence of hookworm 
disease among the miners diminished rapidly, presumably because tne 
Tun-" killed the hookworm larvae. Tne absence of any complaints which 
could be attributed to mycosis suggests that predatory fungi are not 
3° pathogenic to human beings. A product was made from the two most pro- 
mising predatory fungi, Arthrobotrys oligospora and A. dolioformis, 
cultured on chopped corn and oatmeal (Soprunov & Tendetnik, i960 
(30)). 

35 ' Only few investigations of the possibility of using predatory fungi 
for controlling animal parasitic nematodes have been made. 
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A number of preliminary laboratory experts have been carried our 
for the last fifty years. In Franca, Descazeaux (1939) (31) found 
that Arthroaocrys oligospora was able to trap and consume parasitxc 
crichoatrongyle nematode larvae from cattle and shaep. Desmans 
(1939) (32) reported that on agar the trapping network of A. oligo- 
mer* was formed within 35 hours after contact with strongyle para- 
site larvae from cattle. Later laboratory experiments have shown that 
„ oligosvorz may destroy parasitic strongyle nematode larvae of the 
donkey (Sosrunov, 1958 (4)), infective larvae of Trichostrongyius 

and OstercagU osteal of cattle (Pandey, 1973 (33)), Haemon- 
cb us concorcu, of sheep (Virat & Beloille.1977 (34)) and CooperU 
SO n. of cattle (Grenvold et al. , 1985 (35)). In an extensive study, 
Nar.sen et al. (1987) (36) showed that A. oospore is capable or 
destroying a number of infective parasitic nematode larvae of cattle 
(Oscertagis osterczgi, Cocperlz oncophorz, Diccyoczulus viviparus) , 

(Coooeria curticai, *aamon=hus contorcus) . pigs (Oesophagosro- 
^ dencatum, Oe. auedri^xnulatum) and horses (Cyacoscoma spp.). 
Comparisons made among the first, the second and the third and inzec- 
t<va larval stages of Cooperia oncophora showed no difference xn the 
ability of the different stages to induce networks in A. oligospora 
(Hansen et al., 1986 (37)). All stages were trapped with the sa*e 
efficiency. 

Only a few field experiments on the practical use of predatory fungi 
• rs ve been performed. Roubaud & Deschiens (1941) (38) carried out an 
experiment in which two small plots of pasture (5 x 5 m) infected 
wifn Scrongyloides papillosum and Bunostomum spp. were each grazed by 
two ten-month-old lambs. One plot had been treated with spore powder 
or Arthrobotrys oligospora, DactylelU bembicodes and Dactyiaraa el- 
Upsospora. After grazing for five weeks, the lambs were examined, it 
was found that the animals which had grazed in the treated plot had a 
significantly lower narasite burden than the lambs from the control 
,l = t ~ t is difficult, however, to base any final conclusions on tne 
Effectiveness of predatory fungi on this experiment as only two lamos 

nae ^;. n - M939) (31) found that on meadow 
were used in eacn group. Deschiens K^) 

grassland .4. oligosvora was able to grow and sporulate on both soil 
Lrface and on parts of the vegetation close to the ground. Applica- 
tion of the fungus did not harm the vegetation. 
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r n another seal! field expert, the predatory fungus Archroootrys 

olLgosoora was added directly to cow pats containing eggs of Coopers 

oncoohora, a parasitic nematode of cattle (Gronvold et al., 1987 

(39)). The cow pats were placed in a parasite-free pasture. This 

st udy was planned to achieve a closer contact between developing 

parasite larvae and the predatory fungi than could be obtained by 

- -s sv=nlv over the pasture. The results showed 

spreading rungal material ev=uj.y v 

that the number of infective C. oncopfcora larvae isolated from the 
cow nans as well as from the surrounding herbage were subject to an 
approximately ten-xold reduction compared with the number of larvae . 
found in fungus -free control pats end herbage surrounding these. 
Laboratory experiments have shown that admixture of 2500 conidia or 
A. oligospora to cattle faeces results in a 99% reduction in infec- 
tive Cooparia larvae in faecal cultures (Gronvold et al. , 1985 (35)). 

It has been attempted to obtain admixture of predatory fungi with 
animal faeces by adding predatory fungal material to the feed of 
nematode-infected animals provided that the fungi can pass the ali- 
mentary tract in a viable state. However, Descazeaux & Capelle (1939) 
(40) found that .conidia of Archrobotrjs oligospora and Daccylella 
bemblcodes administered orally to horses and guinea pigs were killed 
in the alimentary tract. 

On the other hand, Soprunov (1958) (4) tested the viability of Arth- 
robocrys oligosporz after passage through the intestinal tract of a ■ 
•- 25 donkey. A. oligospora was cultivated on chopped corn at temperatures 
.between 25°C and 30°C and high humidiy for about one month. The final 
product contained 1.5-2 million conidia per gramme of spore powder. 
For five days, the donkey's fodder was supplemented with 150 g of 
snore powder. From the 2nd to the 9th day, A. oligospora was detected 
30 in the faeces of the donkey which was infected with strongyle nema- 
tode parasites. Over the first 's days after ingestion of the spore 
powder, the strongyle larval population compared with that found in 
faecal samples taken prior to the ingestion of spores had been re- 
duced by 80-90%. The results may suggest that A. oligospora is able 
35 to grow and trap nematodes after passage through the alimentary tract 
of a donkey. There is no indication of the proportion of surviving A. 
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oli .os,ors after passage through the gastrointestinal tract. Inges- 
tion of such large quantities of conidia was not found to har* «. 
animal . 

Cuner et al. (1935) (41) cultivated ^ candid,, Candelabrel- 
,1 (Archroootrys; musics end Arcnrcoocrys corner on cooked Hxl.er 
seeds. This culture was administered to ia*bs at a rate of 100 g per 
6 w of body weight. The fungi passeu .he alxm.n,..-/ 
next 2 or 3 days. At that ci«. th. faeces contained viable xungx ana 
th- -suits led the authors to suggest that the fungi were able to 
, rs /on the nematode parasites reladorsa.ia fOsterta^ ciro^incta 
'a nd u~~*» -tortus. No data are presented of the proportion or 
viable fungi compared to the initial amount administered. 

Th= available literature on the control of animal parasitic nematodes 
15 by E3ans 0 f predatory fungi is inconclusive in several respects. 

particular, there are no quantitative studies of the viability or tna 
fungus after gastrointestinal passage and the data presented by So- 
prun ov and Gruner are based on so little experimental matarxal one 
ani mal and four animals, respectively) chat the results obtained rrom 
20 ths ex , S riments may not be reproducible. It may well he that other 
experiments would show that the fungus is in fact not viable cr. 
Descaaeaux * Caoelle , op. ext. (40)) or shows a very low viabilxty 
count, and that viability might, inter alia, depend on the partxcular 
fua«l species or strain employed, or on the individual anHnal « 
25 which ch"e fungus is administered. Also, there is no evidence or a 
persistent effect in a natural epidemiological situation. At any^ 

rate, it would appear from the puolxca.xon* su.a* 

very large quantities of the fungus need to be administered in orcar 
co ensure an adequate viability of the fungus for the purpose or 
30 nematode control. 

-h— is a -eed for a method of biological long- 
On the otner hand, tne^e x» c — 

_ nc= 0 r nematodes to chemxeal ar.u- 

cerm control of neaatoo.es as resxs_anc» o. n_m ^ _ 

helmintics has become an increasingly severe problem in the rxexa or 
35 animal husbandry. Consequently, it would be desirable to cevxse a re- 
producible method of combating animal parasitic nematodes by means or 
a nemacode-descroying fungus in which a composition which is substan- 
tially uniform with respect to the initial content of fungal materxax 
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and the viability thereof after gastrointestinal passage is adminis- 
tered to the animals. 

STJMHAS.Y OF THE INVENTION 

One object of the present invention is therefore to provide a method 
of controlling animal parasitic nematodes wherein a fungal material 
of a nematode-destroying fungus is provided-in animal faeces by gas- 
trointestinal passage, the -fungal material retaining an adequate de- 
gree of viability after the gastrointestinal passage. 

Accordingly, the present invention relates to a method of reducing 
the number of infective, animal parasitic nematodes in an environment 
of animals so as to ' reduce the transmission of nematode infection to 
animals inhabiting said environment, the method comprising' admini- 
15 staring' to an animal a composition comprising a fungal material of a 
nematode-destroying fungus in order to provide an adequate ne ma to de- 
controlling amount of the fungal material in the animal faeces, the 
composition being formulated in such a way that an adequate nematode- 
controlling proportion of the fungal material remains viable after 
20 passage through the gastrointestinal tract of the animal to which the 
composition is administered. • 

The nematodes which the method of the invention aims to control may 
be any of the nematode species known to infect animals, including 
human beings, and to cause more or less severe damage in the host 
whic'h they infect. Examples of nematodes to be controlled by the me- 
thod of the invention are Oscertagla spp., Trichoszrongrlus spp . , 
Haemonchus spp., Dlczyocavdus spp., Oesophagosconrom spp., Cooper la 
sp? .., Cyathostoma'spp., Scroogrloidms spp., Scrongylus spp., Sunosco- 
mm spp., Ancylostoma spp. and Necator sop. Dependent on the type of 
nematode to be controlled, the composition to be administered may 
include, as the fungal material of the nematode-destroying fungus, a 
fungal material from a predatory fungus (which is capable of captur- 
ing nematode larvae), an endoparasitic fungus (which is capable of 
establishing itself in nematode larvae) or an ovoparasitic fungus 
(which is capable of establishing itself in helminth eggs). The nema- 
tode-destroying fungus is suitably a predatory fungus. 
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The trapping devices of predatory fungi may take various forms as 
indicated above. The formation of adhesive networks is stimulated by 
the nresence of nematode larvae which are trapped in loops formed in 
the network. In contact with the larvae, the loops secrete an adhe- 
5 sive substance to hold back the larvae. A similar trapping mechanism 
is found in another type of trapping device consisting of adhesive 
branches which, however, does not form loops. After attachment an 
outgrowth of the fungus penetrates the larval cuticle and swells to a 
bulb-like growth inside the larva. From this bulb trophic hyphae grow 
10 which consume the larval body contents so that, finally,- only the cu- 
ticle is left. When the trapping devices consist of adhesive knobs, 
che larva is attached to several of these knobs some of which produce 
trophic hyphae consuming the larval contents and others of which 
presumably give off a toxic substance. A further type of crapping de- 
vices consists of constricting rings where a branch forms a closed 
ring of three curved cells which swell up when a larva enters the 
rinj so that the larva is held tightly and cannot escape. The trophic 
hyphae then penetrate the cuticle and consume the body contents of 
the larva. 

In the present context, the term "transmission" is intended to mean 
that the nematode infection is transferred from infected animals to 
non-infected animals present in the same environment. 

The term "fungal material" is understood to mean a material which 
25 comprises all parts of a fungus; including the mycelium (hyphae) and 
am types of snores, e.g. conidia and chlamydospores , or a mixture 
thereof. 1= has surprisingly been found that the mycelium may also be 
employed as the material from which the active, that is nematode - 
destroying, fungus may be developed at the site where such fungi are 
usually activa (i.e. in faeces). 

The term "adequate nematode- controlling amount" is intended to indi- 
cate that the amount of fungal material present in the animal faeces 
is sufficient to bring about a significant reduction of the number or 
infective nematodes in the environment, for instance an enclosure, of 
an animal to which the composition containing the fungal material is 
administered, and a consequent reduction of the transmission of nema, 
tode infections to animals present in the environment treated with 
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the fungal material . Such an adequate amount of the fungal material 
may presumably be provided by administering large quantities tnereor 
to the animals which are to be .protected from nematode infection, so 
£S to ensure the survival of an adequate proportion of the material 
5 -van in unprotected form in the alimentary tract of the animal in 
auestion, but this is a "less desirable procedure for two reasons, 
namely the problems associated with the production of large quanti- 
ties of fungal materiel and the possible difficulties in making the 
animal ingest the requisite large amount of fungal material. It is . 
10 therefore preferred to provide the- fungal material in protected form 
S o that an improved viability or the fungal material is ensured, 
recurring the administration of, presumably, far smaller quantities 
or the fungal material, thereby improving the reproducibility of the 
method of the invention. In this context, the term "reproducibility" 
15 • is intended to indicate that it may be possible to make "substantially 
aH animals which, for instance, belong to the same stock ingest sub- 
stantially equal amounts of the fungal material per kg body weight. 

The protection of the fungal material may also serve to improve the 

.. (H ^, „= rt, 3 rut^al material in that it may further pro- 
storage staorlrt-/ oi uie iu!^dx ■ — — 

tect it from, for instance, absorption of water and exposure to oxy- 
gen which may result in a deteriorated long-term viability of the 
fungal material. This would tend not to be the case with correspond- 
ing unprotected fungal material, and in order to ensure an adequate 
supply of this viable unprotected material, it would be necessary to 
produce it in the immediate vicinity of the site of use and use it 
virtually immediately upon reaching a sufficient density of the pro- 
duction culture. The protection of the fungal material to be employed 
in the method of the invention therefore contributes to lowering the 
production costs of the fungal material by permitting a more ratio- 
nalized production which, together with the decrease of the amount of 
fungal material necessary to administer ' to obtain a sufficient nema- 
tode control when the fungal material is in protected form, makes it 
less expensive to employ the method of the invention for nematode 
control" than utilizing a corresponding method which does not make use 
of a protected fungal material. 
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DETAILED DISCLOSURE OF THE INVENTION 

the choice of a particular species of nematode- destroying fungus to 
b e incorporate, in the composition employed in the method of the in- 
vention will of course in each case depend on the specie type o- 
^atode to be coebated, i.e. whether it is susceptible to an enoo- 
^asitic, ovoparasitic or predatory fungus. Kany nematodes wh.cn 

fi.ld of animal husbandry may, 
constitute a serious problem xn ^ °- 

j^-.-— , -i.ncr-? a^d tne comnosi- 
however, be controlled by means ox predatory rungx, 

Con to be administered to animals in accordance M tne prxncxple 
of the invention therefore advantageously contains a fungal materia, 
of a predatory fungus. 

i * nr»chsi="- 1941 (3), Soprunov, 1958 
It has previously been snown (ex. Drecns— , * . , 

•(4). Nansen at al. , 1987 (36)) that as predatory fungi show Ixttle 
15 secies specificity within the capacity of their predatory organs 

C'rhe Physical limitations of their predatory organs being tne aecx- 
si ve factor), the choice of a particular predatory fungus 
ployed in the method of the invention is presumably not critical xn 
■ this respect. Tne fungus to be used may therefore be selec ted ace c 

ing to other criteria such as its fermentation propart.es (oe^rmxn- 
Z whether it is feasible to produce it on a large scale, and ^hence 
th- production costs), growth properties at the site or use (x. 
should preferably exhibif fast growth so as to he able to compete 
successfully with other organisms in the animal faeces) ano op.x*u* 
g rowch te^erature. It is assumed, however, that for most practical 
Locations, a predatory fungus belonging to an ^throoocrys spp^o. 
; D , ccy ,^ son. may be employed. Examples of species or predatory 
; un " g i co be included in the composition are Arthrous ol-ospora, 

Arckrobocrys wrcor, Archrobotrys msiro / 

Arzhrobochrys superb*, Arthroootrys artft-o y 

«*Md.. The composition may further include mixtures or any o. tnese 
.ungal snecxes with, for instance, different temperature optxma or 
other growth properties in order to provide a composition wnxen may 
be employed under widely varying climatic conditions, e.g.tne tem- 
35 perature, or the structure and composition of tne soxl. 
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The animals to which the composition is administered according to the 
me thod of the invention. are usually domestic animals, that is, em- 
ails which are bred for commercial purposes, and are.most often young 
a^inals since young animals are particularly susceptible to nematode 
Sections. Furthermore, the animals are typically untethered animals 
as these are more vulnerable to nematode infection than those wmch 
are kept in "separate enclosures. 

r r = animals to which the composition comprising the fungal material 
is to be administered- according to the invention may be pigs, » 
™ch case the environment where nematode control is to take place 
nay be a oigsty or a pasture. In order to obtain a satisfactory nema- 
tode control where pigs are concerned, the composition containing the 
fungal material is suitably administered at least once every two 
d=ys, preferably at least once a day, for at least one month, pre- 
Te-ably for at least two months, during a period where contamination 
of the enviroment by nematodes is critical. The expression -period 
where contamination of the environment by nematodes is critical" 
Should, in the present context, be understood to mean a period where 
• ' the potential for development of infective nematode larvae and 
20 .consequently the risk of transmitting infective material from one 
animal to the other is particularly high. 

An estimated daily dosage of active fungal material is in the range 
of 1-10 mg (dry weight) of the fungal material per kg of faeces. 

2= A -out of animals to which the method of the invention may advan- 
t-eously ba.annlied is domestic fowl. The frequency with which- the 
composition containing the fungal material is administered is typi- 
cally similar to that applicable to pigs. ^ 

30 Another etoub of animals to which the. composition containing the fun- 
^ material may be administered is carnivores, for instance fur am- 
Lls such as mink or fox, or. pets such as dogs or cats . The frequency 
with which the composition containing the fungal material is aommi- 
stered as well as the estimated daily dosage thereof is typically 

35 

similar to chat: applicable to pi.gs. 



5NSD0C1D: «VVO SSS407A1J-* 



WO 88/06407 



PCT/DK88/00039 



13 



10 



15 



20 



rne method of the present: invention nay advantageously be practised 
on herbivores . 

a herbivore which is of particular interest in connection with the 
B »thod of the present invention is the horse, as the problem or nema- 
tode resistance to conventional chemical anthelmintics has become in- 
creasingly serious with respect to horses in recent years, in tne 
case of horses, the composition may be administered both to horses 
k«t in a stable and kept in a pasture, but is. perhaps, or uhe 
neatest relevance to horses more or less permanently pastured or at 
the time of the year when the animals are turned to grass since 
horses are usually kept in separate enclosures in a stable where tne 
risk of contamination is less grave. Where horses are concerned, tne 
composition should advantageously be administered at least once every 
two' days, preferably at least once a day, for at least two months, 
during a period where contamination of the environment by nematodes 
(in this case, typically when the animals are turned to grass) rs 
critical. An estimated daily dosage of active fungal material is in 
the range of 1-10 mg (dry weight) of the fungal material per kg or 



25 



30 



faeces . 



Oth.r herbivores of particular interest in this connection are rumi- 
nants, e.g. cattle, sheer, deer or goats. In the case of . rumxnants . 
too it is of the greatest importance to administer the composition 
no animals kept in a pasture where the intensity of nematode infec- 
tion is particularly high. The composition should preferably be ad- 
npn<stered to the ruminants at least once' (the frequency of admini- 
stration depending on how the composition to be administered rs ror- 
aulated), at a time of the year when contamination of the environment 
by nematodes is critical for the build-up of high infectivity in toe 
environment, this typically occurs at a time of the year when tne 
annals are turned to grass or when young animals which have never 
been pastured before are pastured together with older animals some ox 
which will most likely be infected by nematodes. The composition is 
suitably administered at least once over a period of at least • 
35 mont h. although the frequency of administration will vary widely de- 
pending on the type of formulation administered. 
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k. Plained above, It is preferred chat the fungal material employee 
to the method of the invention is provided in protected form so as to 
obtain a controlled release of the fungal materiel, the release or 
the fungal materiel should preferably be adapted to ensure the mgn- 
5 .st possible survival rete of the fungal material which means that 
the release will usually be directed to occur in the distal part or 
thP intestines or in the faeces so as to allow growth of the fungus 
ir, the faeces. The controlled release may be achieved by means of a 
coating or a matrix with specific solubility or disintegration cha- 
10 racteristics, and the composition to be administered according to tne 
invention may therefore be in the form of a matrix tablet or pill an 
which the fungal material is embedded, a coated tablet or capsule 
containing the fungal material or coated granules of the fungal mate- 
rial- which is released on disintegration of the coating. When the 
animals to which the composition is to be administered are ruminants, 
the composition may advantageously be in the form of a bolus in which 
che fungal material is embedded and from which it is slowly and con- 
tinuously released. A bolus preparation has the advantage that it 
need only be administered once or twice during the -critical period, 
whereas for any of the other dosage forms, the composition will have 
to be administered with the same frequency as applies to any of the 
non- ruminants mentioned above. 

As the fungi do not act immediately in destroying nematodes, that is, 
they raouire a certain period of time to develop, it may be necessary 
or at least convenient to combine the biologcial nematode- controlling 
agent with a chemical agent (of. also Sayre, 1971 (7)). 

Concurrently with administering the composition containing the fungal 
material, it may therefore often be an advantage to administer a che- 
30 m , cal antiparasitic agen" such as an anthelmintic which acts immedi- 
' ately to reduce the initial parasite "burden" (i.e. the number of 
parasites with' an infective potential present in an animal) in each 

- - - .^,-,.--- a -arf rnaranv reducina the 
animal to which tne compos a. uion 1= ^cmin_=. u, J 

overall initial parasite population of the environment in which the 

35 animals are kept which may require a smaller amount of fungal mate- 

• rial to be administered in order to provide' a continuous reduction of 

the number of infective' nematodes over a longer period of time. It 
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is , however, expected .ha, the — of such.a chemical antnelm-n- 

be far lower than if the chemical was altered alone, ,o 
that oroblams concerning possible residues of the drug in the -at or 
^ 'of the animals or concerning possible toxic effects ox 0. aru 5 
ir "the animals are not likely to occur. The antiparasitic agent .ay 
al ' so be one which is effective against other parasites than tnose 
controlled by the fungus incorporated in the composition. 
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Tn » present invention further relates to a composition for cont^ 
Ung anfcnal parasitic nematodes, which composition comprises^, 
rtt-wai of a nematode-destroying rungus and ^ exc.p-n 
nificantly proves the viability of the fungal naterial in tne gas- 
^intestinal tract of an animal to which the composition is 
s ered. The fungal material included in the composition may oe da 
rivs d from any of the sources (genera or species of fungus) Seated 
15 above, and may comprise mycelium or spores or a mixture thereof 

me composition may be formulated in accordance with any of the^own 
,.thods'of formulating veterinary preparations. To errect an. opta^ 
survival rate of the fungal material and hence an optimum ^amount o, 

~ --t-ivitv i.e. the animal raecas , Ll 
fungal material at tne site oi activity, 

«. deferred to provide a' form of the composition that ensures pro- 
cection of the fungal material in the alimentary tract of tne anxma- 

. Ministered, as explained m detail 
to which the composition is adsanis v.er - , . 

above. Such protection may be obtained by embedding the rungal mate- 
rial in a matrix which may be formulated as tablets or prlls, the 
matrix material being insoluble in a gastrointestinal environment o 
soluble or erodible in the large intestine. The matrix rormu a o _ 
optionally coated with a suitable coating such as one or tnose indi- 
cated below, me matrix material may suitably be selected from a 
natural or synthetic wa>:, a plastic, a polymer, a polysaccharide 

i ■ — - daxtrin a starch, cellulose' or a derivative 
such as an alginate, a a-x.r.n, 

aim'poi ratty acid ana =St=r= 
thereof or agarose, a resin, a uu, a.cono., ~y 
th =reof. a mineral such as silica or a silicate, kaolin, bentoni--, 
d<atcmaceous earth, vermiculite. pumice or mineral wool, ana a vege- 
Jble material such as wheat bran or seeds, e.g. poppy or sesame- 



seeds . 
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The composition may also be formulated as a coarad tablet: or capsule 
comprising the fungal material , the coating being adapted to dissolve 
or disintegrate in the intestines to release the fungal matarxal. me 
composition may, however, advantageously comprise coated granules 
containing the fungal material as these are usually easier to ac- 
ainister since they can be admixed with the feed dispensed to tne 
animals . 

The coating employed to protect the fungal material is preferably an 
enteric' coating which is usually a coating soluble at the pH prevail- 
ing in the large intestine or in the faeces, i.e: typically a pH or / 
or"ao». Examples of enteric coating materials are selected from 
shellac, cellulose acetate esters such as cellulose acetate phtha- 
late' hydroxy-propyl methyl cellulose esters such as hydroxypropyi 
aathyl cellulose phthalate, polyvinyl acetate esters such as poly- 
vinyl acetate phthalate, and polymers of methacrylic acid and (meth) - 
acrylic acid esters. 

Alternatively, the coating may be one which is enzymatically degrad- 
able in the intestines, especially the large intestine, or in tne 
faeces, or a water -permeable coating which may he selected from ethyl 
cellulose, cellulose acetate, cellulose propionate, cellulose 
rate, cellulose valerate, polyvinyl acetate, polyvinyl formal, poly- 
vinyl butyral, nolymethyl methacrylate , polycarbonate, polystyrene, 
nolyester and polybutadiene . The water-permeable coating is. however, 
preferably a micropores membrane, for instance selected from poly- 
vinylchloride, and microporous polycarbonates , polyamides , acrylic 
' copolymers and polyurethanes which permit a gradual diffusion of the 
fungal material, and if a water-permeable coating is used it is pre- 
ferred to combine it with an enteric coating so that diffusion of the 
30 fungal material is substantially prevented under gastric conditions. 

when the composition is to be administered to ruminants, it may be 
advantageous to provide a futher layer of coating as the coated gra- 
nules containing the fungal material. This should be a coating which 
35 prevents the inner coating layer from dissolving in the rumen (tms 
may for instance occur when the inner coating layer is an enteric 
coating which is dissolved at a pH of about 7 which is the pH of the 
ruminal contents). Such an outer coating layer may comprise a coating 
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serial which is soluble .t an acid pH such as a pH of about: 1.5- 
2.5. 

I* may also be possible Co provide . further coating layer on the 
position or" the invention, apart froa the coating layer<s provic 
5 in / t he desired release characteristics as described above. Sucn a 

coating layer, serves to improve the handlin g properties, storage sta- 
bility, etc. of the composition. For the latter purpose, hydroxy 
propyl methyl cellulose may be used. 
10 ^ th e animals to which the exposition is to be administered are 
ruminants, a preferred for. of the composition is a bolus as it per- 
mits administration of the fungal material at long nervals wtail. 
ensuring a continuous release from the bolus of an amount or runga. 
serial sufficient to obtain a satisfactory nematode control, h» 
15 bolus ,ay suitably be of the matrix type and may either oe one wh_c« 
slo „l y dissolves in the rumen or which is gradually eroded m tne 
_en. Suitable bolus materials may be selected from a nature or 
synthetic wax, a nlastic, a polymer (e.g. carboxymethyl cellulose or 
polyvinylpyrrolidone),^ polysaccharide, such as an alginate, a re 
20 'J . Lty alhohol, fatty acid and esters thereof ana a glass. ihe 
-r urg al material may conveniently be embedded in the bolus in the rorm 
of coated granules in order to protect the fungal material rrom 

. , . , TTvprn-nT^ 10 below) no be par- 

ruminal fluids which are indicated (c. ^xamp.e -U , 

cicularly detrimental to the viability of the fungal materia.. 



25 



35 



The bolus may be prevented from leaving the rumen by its shape m ^ac- 
cordance with well-lcnown practice or by including in tne oolus ma^ix 
,n" agent which imparts an increased specific gravity to the composi- 
tion; e.g. barium sulphate, titanium oxide, a 2 inc oxide or^an iron 
30 salt:. 

^ amount of active fungal material incorporated in the bolus com- 
position may vary within wide limits, but is suitably acapted to ^ 
amount of fungal material which it is desired to provide m tne 
faeces during the critical period as explained above, mus, an ade- 
cnate amount of fungal material in a bolus may be in the range or 
Us * in particular 2-10 g, per bolus, inter alia dependent on tne 
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„ te aC which cha bolus dis integrates in the rumen which, in dilu 
determines the interval at which a new bolus should be administered. 

where herbivores are concerned (also other than ruminants) , the com- 
position of the invention may also be in the form of a feed block 
"containing embedded coated granules comprising the fungal material. 
This form of the composition may, however, be less preferred since 
the amount of fungal material ingested by the animals by block feed- 
ing will not be uniform, depending on a variety of factors such as 
the availability of grazing or other feed or, most importantly, the . 
variations in the individual uptake of the fungus from the feed block 
(soma animals being less willing to avail themselves of the feed 
block than others). If a fead block is to be employed, the block 
material may for instance comprise molasses as this may improve the 
palatability of the block and thereby contribute to more frequent use 
thereof by the animals . 

In accordance with the principle of the invention it may be an ad- 
vantage if the. composition further comprises a chemical antiparasitic 
agent, such as an anthelmintic as discussed above, or another active 
agent such as a growth promoting agent, hormone, vitamin, micro- or 
nlcronutrient or amino acid. Any such further active agents may be 
incorporated in the composition in accordance with accepted practice 
in the field of veterinary pharmacology . . 

It has surprisingly been found that the fungi from which the fungal 
aaterial employed in the method and composition of the invention is 
derived may be grown under submerged conditions. 

Accordingly, the present invention further relates to a process for 
producing a fungal material of a nematode -destroying fungus, which 
-process comprises 

a) inoculating a suitable liquid indium with mycelium or spores of 
• the fungus , 

b) growing the fungus in submerged culture under aeration and agina- 
tion to produce a fungal material, and 

c) harvesting the fungal material. 
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Thus «t has become possible to produce the fungal material by 
slightly modifying stance fetation techniques 
cultivation described in, for instance, Bargey s Manual, and l.rg- 
3 cal= .reduction of nematode-destroying fungi for controlling not 
only «d«l oarasitic nematodes, but also plant parasitic nematodes _ 
ha s therefore become mora economic than when employing the metnoos or 
growing the fungus suggested in the known art. 

rr = access may be conducted under the ususal conditions for anaero- 
bi "c "cultivation, such as in the presence of a suitable carbon source, 
. „ selected from a sugar, e.g. sucrose, lactose, glucose, maltose, 
Jose, fructose, galactose, a starch, sodium lactate, malt extract, 
glucose syrup and lactose permeate, and a suitable nitrogen source, 
I. s . selected from asparagine, yeast extract. H-N0 3 , Bacto peptone, 
com steep liquor and casamino acids. 

Tho fungal material is suitably harvested by filtration or centrifu- 
Ttion according to standard procedures, and the harvested myceUum 
' th^ be dried according to usual methods such as by means ox dry 
air eg in a fluid bed, in vacuum, by freeze-drying or oy cessrea- 
20 cion wich a suitable dessicant such as anhydrous magnesium sulphate, 
silica gel, etc. 

The fungal material produced by the process of the invention may be 
derived from any of the fungal genera or species indicated above. 

25 m one particular embodiment of this method, the medium comprises a 
vegetable, organic or inorganic solid, support to which the fungus „ 
a J a to adhere and on and/or in which it will grow. The scire suppo.. 
ma y suitably comprise a spongy or porous material such as seeds, e.g. 

, -,..,,„•,• c o- inorganic polymer sucn as po- 

poppy or sesame seeas , or an organic O- -™-= 

30 rous polyacrylic or glass beads. 

It is o* course, also possible to produce the fungal material by 
..owing the fungus under aerobic conditions on a solid medium, the 
fungal material being either harvested from the medium or, ir the 

35 B= dium is edible in itself and/or if the the concentration or runga. 
material is sufficiently high, the medium containing the fungal mate- 
rial may be used as such. 
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whan using a solid median for fermentation of the fungus, the medium 
Bay suitably be inoculated with properties (the smallest segment 
canabie of snorulation) of the fungal mycelium. If it is desired to 
produce a fungal material containing a large Quantity of spores, the 
mycelium' is subjected to a gradual drying-out process in air after 
propagation of the fungus as this has been found to increase sporula- 
tioa. 

It is generally preferred to harvest the fungal material after propa- 
gation since this ensures a higher concentration thereof and Bakes it 
possible to formulate it into a composition. Furthermore, it may he 
difficult to obtain a sufficient storage stability of the fungal 
material if the depleted medium is not removed and to avoid contami- 
nation of the resulting product by other organisms using the residual 
medium as substrate. Harvesting of the fungal material may be per- 
formed by scraping, washing, filtration, centrifugation or a combina- 
tion of two or more of these procedures, optionally followed by 
drying. 

Tne solid medium on which the fungus is grown may be any medium which 
■ has been found to favour the growth and/or sporulation of this' type 
of organism. A. suitable medium according to this criterion is one 
which contains a cereal component such as corn. 

The present invention further relates to a method of reducing the 
number of infectious nematodes in the environment of animals so as to 
reduce the transmission of nematode infections to animals inhabiting 
said environment, the method comprising administering to an animal a 
composition comprising a fungal material produced by submerged culti- 
vation as described above in order to provide an adequate nematode- 
controlling amount of the fungal material in the animal faeces. Al- 
though the fungal material is preferably in protected form as indi- 
cated above, it. may also be formulated into a composition where the 
fungal material is not protected. This approach may be applicable for 
fungal species or. strains which are found to be sufficiently resis- 
tant to gastrointestinal conditions so that protection which will 
inevitably' increase the cost of the composition may be omitted. In 
such cases, the fungal material may be formulated as granules to be 



SN3DOC! 0: «WO„ £~05^7A t J _> 



WO 88/06407 



21 



PCT/DK88/00039 



15 



admixed with the feed or spread over a pasture or an indoors enclo- 
sure for animals, or embedded as such in a bolus or feed block. 

The following examples serve Co illustrate the invention in further 
detail, but are not intended to limit the invention in any way. 

5 

BRIE? DESCRIPTION 0? THE DRAWINGS 

Figs. la-Id show the number of loops per mm 2 and trapping efficiency 
or 4. oligosvora exposed to first-, second- and third-stage C. onco- 
10 phora larvae' and to P.. wcklgexuthi (juveniles and adults). The ave- 
rage number of free individuals in fungus - containing dishes is ex- 
pressed as a percentage of that in fungus -free control dishes. Black, 
dots denote freely migrating nematodes in per cent of controls, and 
white dots denote the number of hyphal loops per mm 2 . 

Figs. 2a-2d show the number of loops per mm 2 and trapping efficiency 
of A. oligcsnors exposed to first-, second- and third-stage C. onco- 
phora larvae and to ?. redivivus (juveniles and adults). The average 
number of free individuals in fungus -containing dishes is expressed 
as a oerceutage of that in fungus-free control dishes. It should be 
noted that the figure on the scale for P. redlvivus- induced loops are 
higher than those of the other scales. Black dots denote freely 
migrating nematodes in per cent of controls, and white dots denote 
the number of hyphal loops per mm 2 . 

25 n». 3 shows the concentration of infective C. oncophoza larvae in 

ooC-pats and surrounding grass at different times.. • denotes addition 
of A. oligospora to the faeces and A denotes no addition of A. oligc- 
spora. to the faeces. 

30 Figs. 4 and 5 show the concentration of infective C. eocoptar. larvae 
(L3) per gram of faeces either containing (+) or not containing (•) 
A. oligo spors. . 
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Growth of Arthrobovry* ollgospora on commeal agar and harvesting ox 
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Corneal agar plates containing 0.5 % of dextrose were inoculated 
-with a 0.5 ml spore suspension of A. ollgospora Presenilis (A1CC 

24927) (used throughout the Examples). 22 days later, 1 x i cm seg- 
' nents from the plates (containing mycelium and spores) were used to 

inoculate plates (9 cm in diameter) containing 2.7 % comma al agar 

(CHA; 77 % of commeai) media of different compositions: 

1,7 g of CMA, 13.5 g of Bacto agar, 2 g of K 2 H20 4 , distilled water 
1 1 ■ 

B: S.5 g of CMA, 11.8 g of Bacto agar, 2 g of K 2 H?0 4 , distilled water 
ad 1 1 

C: 17.0 g of CMA, 10.0 g of Bacto agar, 2 g of K 2 HH) 4 , distilled 
water ad 1 1 

D: 25.0 ~g of CMA, 8.1 g of Bacto agar, 2 g of K 2 E?0 4> distilled water 
ad !•■ 1 

The plates were incubated at 26°C in the dark for. 15 days . and at 19- 
23°C and 12 hours of light/12 hours of darkness a day for 14 days, 

In a separate experiment, different concentrations of glucose (0 g/1, 
2 g/1, 5 gA and 10 g/1) were added to the CMA plates which were in- 
oculated and incubated as described above/. 

It appeared from the results that the growth intensity (bio-mass) va- 
ries ' greatly according to the CMA concentration employed, as follows: 

A: weak growth 

3: slightly more abundant growth - 

G: abundant growth 

D: very abundant growth 

No differences in growth intensity were observed at different glucose 
concentrations . 



SNSDOCtfc <VVO S505A07A1 J_» 



WO 88/06407 



PCT/DK88/00039 



23 



It further aooeared that spoliation increased with increasing CMA 
concentrations, whereas spoliation decreased as a result of increas- 
ing .lucose concentrations. It was therefore concluded that no glu- 
cose should be added to the growth medium for A. oligospora. 

5 It was further show..' that spoliation was improved when the fungus 

, . . r 10 0 f licrht/12 hours of darkness 
was grown under conditions or 12 hou.s o 

a day .ban constantly in the dark or in the light. 
10 EXAMPLE 2 

harvesting or Arthrobotrys oligospora spores fro, CHA pU.es 

PlM-s containing a CMA medium with the following composition: 17 g 
o-r CM* 5 g of Oxoid agar, 2 g of K 2 H?0 4 . 1 1 of water, were inocu- 
13 1,t=d and incubated as described above (26'C. 12 h light/12 h dark- 
ness/day) until the plates were completely covered with mycelia ano 
spores . 

Th- snores were harvested by 1) washing the plates with water, parar- 
£il , 0 "n 96% ethanol or water containing 0.1% of Tween* 80, or 2) 
scraping off the spores by means of spatula without adding any U- 
quid . 

Procedure 1) was performed by adding 10 ml of washing liquid to the 
slates, loosening the spores by means of a spatula, filtering the 
STJ ores on a Buchner funnel through a filter with a pore size or 3 pm 
or centrifugating the spores at 6000 rpm. , drying the spores » a 
dessicator or by means of dry air at room temperature and storing tne 
spores in a refrigerator or at room temperature. 

Tne snores obtained by procedure 2) were dried in a dasiccator or by 
E2 ans"of dry air at room temperature and stored in a refrigerator or 
at room temperature. 

Tne snores obtained by procedure 1) were subjected to a viability 
test by cutting the spore -containing filters into smaller pieces, 
olacing the nieces in tubes and adding 2 ml of water. The tuoes were 
vortexad, and a few drops were pipetted off and inoculated onto a 
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CMA-9 plate. It vas practically impossible to remove the spores from 
the filters resulting from the paraffin wash, so that no viability 
test could be carried out in this case. A sufficient amount of water 
-was added to the tubes in which spores had been centrifugatad to 
suspend the spores, and a few drops of the suspension were used to 
inoculate CM4.-9 places. 

The spores obtained by procedure 2) were tasted for viability by sus- 
pending a loopful of the spores in water and inoculating them onto 
CMA-9 agar plates. 

24 hours after inoculation, the places were examined for germinated 
and non- germinated spores and the viability of the spores was calcu- 
la ted. 
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TABLE 1 



20 



25 



30 



Procedure 1 
(filtration) 



Drying 



Storage 



% viabi- 
lity af- 
% viability ter 3.5 
after 1 week months 



K 2° 






Dessicator 


Room temp. 


82 


0 


H 2 0 






Room temp . 


Room tamp. 


3 


0 








(dry air) 






88 


H 2° 






Dessicator 


Refrigerator 


96 


H 2 0 






Room temp. 


Refrigerator 


2 


5 


H 2 0 


+ Tvaan® 


80 


Dessicator 


Room temp . 


73 


. 0 


H 2° 


-r Tve'en® 


30 


Room temp . 


3.00m temp. 


96 


0 


H 2 0 


~ Tween® 


80 


Dessicator 


Refrigerator 


96 . 


14 


E 2 0 


~ Tween® 


80 


Room temp. 


Refrigerator 


95 


29 


96% 


C9H5OK 




Dessicator 


Room temp . 


0 


0 


96% 


C 2 H 5 OH 




Room temp. 


Room temp. 


0 


0 


96% 


C 2 H 5 0H 




Dessicator 


Refrigerator 


0 


0 


96% 


G 2 H 5 OH 




Room temp. 


Refrigerator 


2 


0 
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% viabi- 
lity af- 


procedure 1 
(centrif ugation) 


Drying 


Storage 


% viability 
after I week 


ter 3.5 
months 


5 

H 2 0 
H 2° ■ 


Dessicator 
Dessicator 


Refrigerator 
Room temp. 


81 
83 


93 
5 


Room temp. 


T? norp tenVD . 


30 


3 










% viabi- . 


10 






% viability 


lity. af- 
ter 3.5 


Procedure 2 


Drying 


Storage 


after 1 week 


months 
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99 
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Serving off the Dedicator Room tem P . 
spores without Room temp. Refrigerator 
liquid 



It appears free Table 1 that when using procedure 1), the best re- 
sults" are obtained by using -per as the washing liquid, drying tn. 
snores in a dessicator and storing th. spores in a rerrrgerator - 
e ; =r procedure 2) is currently preferred as it courses rawer W 
and leads to a viability of nearly 100% after one weak, which has 
only decreased by 2% after 3.5 months. 

EXAMPLE 3 

Growrh of Arthrobozrjs ollgospora on crushed com 

Cashed corn was obtained by rolling, chopping or blending and sieved 

cicl . sire faction of about 1.25 mm. The crushed corn or a 
substantially unifora particle size was autoclaved for 30 minutes at 
,21-C and left in the autoclave overnight. 20 g of this mecrum was 
^.Led in Petri dishes with a diameter, of 9 cm. To the medium was 
added 50-150% of water (calculated on the raw -.eight of the com). 
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' The dishes ware inoculated with, segments of A. olx^pora mycelium, 
substantially as described in Example 1. The dishes ware then incu- 
bated in the dark at 26 °C. 

Growth of the fungus was determined as radial growth, i.e. the area 
of the petri dish covered by the fungus, and the " growth "intensity was 
graded as follows: 

1: weak growth 
2: medium growth 
3: abundant growth 

Furthermore, the growth intensity of the fungus was determined by the 
degree to which the mycelium had grown through the substrate and was 
vilibie at the bottom of the petri dish. This was evaluated as fol- 
io lows: 

4-: some mycelium was visible 
~-K more mycelium was visible 
~~r: much mycelium was visible 

20 The latter effect (-H-r) was observed after 12 days of incubation. 
The results are shown in Table 2 below. 
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TABLE 2 



% of water 



Day 

3 12 



5 


KOlXSG CO £11 


50 


1 


1,-r 


1,4- 






70 


1,5,+ 




2,+ 






90 


3,+ 


3,+ 


3,+++ 






110 


3,+ 


J , • 


3 4-4 






130 


3,+ 


3,+ 




10 




150 


3 


3,+ 


3,+ 




Chopped com 


50 


1 


1 


1 






70 


1 ,+ 


9,4- 


2,4- 






90 


3,+ 


2,4 


2 t ++ 


15 




110 


3 ,+ 


3 ,+ 








130 


3,+ 


3,+ 


2,5,4-4- 






150 


3 + 


3,+ 


3,+ 


20 


Blended com 


50 


1 


1.+ 


1,+ 




70 


2 


2,+ 








90 


2,5 


3,+ 








110 


3,+ 


3,-f 


3,4-4- 






130 


3,+ 


3,+ 


3,44- 






150 


3 


3,+ 


3.4H- 


25 














The ca~a shown 


In Table 


2 are the 


mean of two 


experiments . 



It a*oears from Table 2 chat the bast growth of A. oligospora is ob- 
30 taired with a content of water in the medium of more than 90%. Srmr- 
Urly Che data for growth of the mycelium through the substrate show 
that the ootircum content of water for obtaining abundant growth is in 
the range of 90-110%. Furthermore, good spoliation was observe at 
this recommended concent of water. 
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EXAMPLE 4 

Growth of ArChrobotrys oligospora in submerged media. 

GSK Places were inoculated with A. oligospora and incubated as de- 
scribed in Example 1. After 20 days, the plates were washed with 
10 ml of sterile water, and the water containing the fungal material 
was used to inoculate" shaking flasks (one plate per flask) containing 
100 ml of nutrient medium of the following composition: 

Gzanek Do* medium: 1 g of K 2 HP0 4 , 0.5 g of KgS0 4 *7H 2 0, 0.5 g of Kl, 
0.01 g of FeS0 4 , 1.5 g of CaCi, ; 1 "1 of distilled water, 1 ml of 1 g 
of ZuS0 4 /100ml of H 2 0, 1 ml of 0.5 g of CuS0 4 /100 ml of K 2 0; 

7.56 g of com steep liquor (shown to be an advantageous nitrogen 
source in a previous experiment - not reported here - in which 
several nitrogen sources had been tested) ; and 

35 g of malt extract (shown to be an advantageous carbon source in- a 
previous experiment - not reported here - in which several carbon 
sources had been tested) . 



The flasks were incubated at 26° C on a shaking apparatus in the dark 
for one week. The contents of two flasks were used to inoculate a 
10 1 fermenter (Braun) containing 7 liters of the nutrient medium 
defined above, corresponding to about 8-10 g of wet weight of A, 
25 oligospora . 

The fermenter was incubated for 3 days at 26 ± 1°C, maintaining a 
cycle of 12 hours of light/12 hours of darkness/day. The initial pH 
in the fermenter was 5.8 which was maintained at this level by ti- 
trating with a 5N NH 3 solution, using 100 ml in "3 days. The fermenter 
was aerated by means of an oxygen flow of 5.5 1/minute and rotated at 
750 rpm. To prevent foaming, 5% of an antifoaming agent was added, 
using 100 ml in 3 days. After 3 days, 6N HCl was added to a pH of 
7.0. 
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The mycelium formed after 3 days was filtered off by means of a 5uch- 
ner funnel. 
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The yield of mycelium (it should be noted that no spoliation was 
observed when the fungus was grown in submerged media) was about 
700 a wet weight (i.e. about 10%). The fungus showad-a filamentous 
g .owth which is particularly well suited for further processing; the 
5 filamentous growth is believed to be caused by the rotation at 1,0 
^ OT . All of the sugar in the -It extract had been consumed m _ 

days , and it must be assumed that a .ore concentrated nutrient ««■ 
will lead to increased yields of mycelium. 

10 EXAMPLE 5 

r hs temperature optima of different predatory fungi 

fll(A j • _ — r u A foil owins; composition : 17 g or 
^ aC es containing a CMA medium c the roiio^-n S 

* * v uun 1 i o-* water, were inoculated 
CMA 5 g of oxoic agar, 2 g ox K^HPO^ 1 - °~ wcu , 

_ - aty _ -,1 S - £S incubated as described m jsx- 
with 1 x 1 cm segments or age- places 

ample 1 with the following organisms: 

Archrobotrjs oligospora 

A. oligospora. Swart 
20 A. oligospora Drachsler 

A. conoid es 

A. superb a 

A, ar thro b o tryo i cf es 

A. musiformis 
25 A. corcor 

Dzczylzriz c and ids. 

Tne plates were incubated at 12 hours of light/12 hours of darkness 
at 15, 20, 30, 37 and 40°C. 
30 v as temperature optima of the different organisms were determined in 
-=-3 S o-r the maximum diameter of the growth zone. A. archrobocryoxd* 
Z a temnerature optimum at 20'C. A. tortor had a cemperature oprx- 
auB ac 30-C. and all the other organisms rested had a temperature 
optimum at 25 3 C. 
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EXAMPLE S 

Predacious active? of Arthrobotzrys oligospora on prapsrasitic larvae 
of Cooparla oncophora and on soil nematodes 

? The strain of A. oligospora Bras . (ATCC 24927) was grown and main- 
tained on com meal agar (CMA) adjusted to pH 7 as described by- Lysak 
and Hordbring-Hertz (1981) (42). This medium allowed good mycelial 
growth and formation of conidia but not trap development. Test Petri 
dishes, 3.2 cm in diameter, were each filled with approximately 4 ml 

10 of CMA and inoculated with 3-5 weeks old fungal cultures, using a 
metal cork borar (5 mm in dimeter), circular agar plugs were cut 
from the fungal lawn and placed with mycelium down in the centre of 
the CHA Eetri dish. 

Soil nematodes: Panagraiius redlvivus was cultured in flasks con- 
taining a soy peptone-liver extract medium (Nordbring- Hertz, 1972 
(43)). Bhabdicis Wohlgemuth! was cultivated on serum agar plates 
(Konrad, ners. comm.). These nematodes were harvested from approxi- 
mately one week old cultures, using the Baermann funnel technique, 
and wished several times by alternate cantrifugations and resuspen- 
sions in sterile water. The resulting suspensions contained both 
adult and juvenile nematodes. 



15 



20 



rom 



Parasitic nematodes: Eggs of Cooparia oncophora were harvested 
the faeces of a calf carrying an experimental monospecific infection 
25 of the nematode. Larvae were allowed to develop in the faeces by a 

cultivation procedure of Eenriksen and Korsholm (1983) (44) and were 
isolated by a modified Baermatm technique. By starting cultures at 
different intervals, it was possible to have batches of 1^, L, and L 3 
larvae available simultaneously. The three external developmental 
? ° stages of the larvae are Lj. and L 2 in which the larvae are pre- infec- 
tive and feeding on bacteria, and L 3 in which the larvae are encased 
in the cast cuticle of the second moult. In each case, the stage of 
development was checked by microscopic examination. Brior to use in 
the experiments, the larvae were washed by serial cantrifugations and 
resuspansions in scerile water. • 
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T 0 comoara Che ability of the nematodes to induce capture organs 
(Waal looos) and to become trapped in such organs, suspensions ^ 
thereof were added to 4-day old cultures of A. aligospora. A drop or 
each nematode suspension adjusted to 100-150 nematodes per drop was 
added to each of three test and three control dishes. Counts of rree- 
livin- nematodes included both adults and juveniles. To check whether 
any nemacode-free substance of the inoculum would induce traps, fun- 
^ s CKA dishes were exposed to one drop of the supernatant of each or 
the final nematode suspensions. 

S-art<n* w<rh 3-hour intervals and ending with 6-hour intervals, for 
a 27-hour oeriod. test dishes were examined at 100 x using a binocu- 
lar micros'cooe. Trap formation began as a stout branch erecting from 
a vegetative hypha. Subsequently it grew and curled back so its tip 
anastomosed with the parent hypha or with an adjacent trap already 
-ronn»d Only trans which formed completely closed loops, either u> 
isolated position or more commonly as part of complex, chree-dimen- 

• -- a-~ r-'hm oictoscoce, five randomly 
sional networks, were counceo. una=.- the arcoscop-, 

selected fields were counted in each dish giving a total of 15 

fields. The average number of rraps per mm 2 was calculated. 

« each cime interval, nematodes were also counted (>: 20). Only the 
normal, freely moving individuals were enumerated. In order to ac- 
'count for -natural" deaths among the nematodes, the average numbers 
of such free individuals recorded in the test dishes were expressed 
25 as a p-centage of those in fungus -free control Petri dishes. In ad- 
d , c , on ori savsra l occasions 'the contact between individual worms and 
traps was studied in closer detail with higher magnification (100 x) . 

Two series of experiments were conducted: Series A included wohl- 
30 and the three developmental stages of C. oncophora. Series B 

differed in that P. redivivus replaced R. v*lgmm*l. In addrrron, 
ac che end of series 3 , the third srage (L 3 ) C. oncophora larvae were 
added to the dishes where traps were already present and inducec oy 
the other nematodes . 
35 ng 1 (Series A) and Fig. 2 (Series 3) show chat the races of trap 

development were virtually independent of the type of nematode added. 
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After 3 hours, traps were induced in some of the nematode dishes, out: 
at 5 hours craps were formed in all nematode -fungus combinations . 
Over subsequent hours, all dishes exhibited an almost parallel in- 
crease in number of craps. The dishes receiving nematode-free super- 
5 natants had no traps. 

Also, Figs, 1 and 2 show that the decline in the numbers of the free 
• migratory nematodes starced 3-5 hours after they were added co the 

dishes. This coincided wich the initiation of trap formation. After 9 
hours, the majority of the nematodes were trapped and at 15 hours, 
there was an almosc complete absence of freely migrating individuals . 
Checks using higher magnification (100 x) revealed that the majority 
of immobile nemacodes were trapped. However, Z. ^ohlgemachi (Series 
A) seemed Co present .an excepcion in chat a few migratory juveniles 
ware observed ac the end of the experiment. 

15 

On close examination, ' all treacments showed nematodes migrating over 
Che entire agar surfaces of the dishes. On the fungus dishes, they 
migrated in close physical contact with the hyphal networks and occa- 
sionally caused slight movements of the hyphal syscem. After the 
20 craps had developed, it was noticed that casual nemacode contacts did 
not necessarily result in immediate capture. SomeCimes nematodes were 
seen Co move inco the loops and then escape by suddenly retracting, 
curling up and circumventing the trap. All nematodes exhibited this 
interesting behaviour but inevitably most were trapped. 

However, 'once the preys were ensnared, their subsequent face was 
sealed. Free-living nematodes and 1^' and L 2 stages of C. oncophora 
wriggled for up to 'a few hours after which they became paralysed, and 
fungal hyphae could be seen inside their bodies. The L 3 stage of C. 
- oncophorz, on the other hand, - struggled vigorously for a much longer 
period of time, and a few of them even succeeded in breaking the 
hyphal nets. Single individuals were seen freely moving on the sub- 
.scrace wich fungal loops aroung their bodies with attached hyphal 
branches. Before long, these nematodes were recaptured in ocher 
traps. The L 3 of C. oncophora 'continued Co wriggle in cheir craps, 
some for more than 20. hours after their cap cure. 
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i a Series B when =he original nematodes were ell caught, a suspension 
of U C. onoophora was added to one of each type of test dishes ana 
to one control dish. Fig. 2 shows that all test dishes possessed a 
ranid and high trapping efficiency in that all nematodes were caught 
within aooroxi^aaely one hour. In the previously P. radivivus exposed 
dish, trans were particularly numerous and the capture of L 3 was in- 
stantaneous. On closer inspection, it was again noticed that larvae 
struggled violently, but after 24 hours roughly only 15% remained 
active . 



EXAMPLE 7 

Field extents on the ability of Archrobocrys oligospora Co reduce 
che number of larvae of Cooperia species in cow pats and surrounding 
15 grass 

Arthroootrys oligospora Fres. (strain A1CC 24927) was cultured on 
20 g of choooed maize grains and 18 ml of H,0 autoclaved in Petri 
dashes (diameter 8.5 cm). Cultures were maintained at 23'C and 95- 
100% humidity for 2 months at which time the fungus had developed a 
dense mycelium with conidia on the surface of the medium. 

Paeces containing parasite eggs were obtained from a calf experimen- 
tally infected with a monoculture of Cooperia spp . Infective Cooperia 
STro larvae were isolated from faeces by a modified Baermann tech- 
25 nique (Jorgensen & Madsen, 1982 (45)). Infective Cooperia spp. larvae 
were isolated from grass by the agar technique described by Jorgensen 
(1975) (46) and Mwegoha S= Jargeasan (1977) (47). 

Recordings of the weekly maximum and minimum mean temperatures 2 « 
above the ground level and the total weekly precipitation were ob- 
tained at a station 300 m from the experimental field. 



Experiment 1: 



^proximately 10 g of mycelium with conidia were carefully isolated, 
from the Petri dishes containing Archrobocrys oligospora. The rungal 
material was thoroughly mixed with one of two 1 kg faecal portions 
containing an even distribution of 300 Cooperia spp. eggs per gram. 
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Both faecal portions were, in the torn of cow pecs (dimeter IS cm), 
placed on a parasite-free pasture in Hey. Samples of approximately 
2 g of faeces were taken' from the edge of the cow pats at intervals. 
Grass was sampled within a distance of 0-20 cm from the edge of the 
pats The first half circle was harvested 29 days after the start or 
'the experiment, the last half circle was taken after 37 days. Times 
of faeces and grass samplings are shown in Table 3. The concentration 
of infective Cooperia spp. larvae in faeces and grass was subsequent- 
ly determined. 
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SxDerlment: 2*- 



in this experiment, the inoculation material comprised both Arthro- 
oocrvs oligosoora and its growth medium, in that the whole contents 
of Fetri dishes ware milled in a mincing machine. The milled material 

15 was subsequently divided into 10 portions of 150 g (dry weight 56 g) , 
which were added to each of 10 faecal portions of 1 kg. Another 10 
Faecal portions of 1 kg were kept as fungus -free controls. All the 
faecal portions, which contained a uniform distribution of 560 Cocpe- 
ria spp. eggs per gram, were placed as cow pats (diameter. 18 cm) on a 

20 parasite- free pasture in June. 

The minimum distance between -the two groups was 2.5 m and the dis- 
tance between single cow pats in each group was 1.7 m. 

At intervals samples of approximately 1 g of faeces were taken- from 
the edge of the cow pats and at the same occasions, grass was har- 
vested^ different locations around the pats. Grass samples were cut 
in swaths of 7.5 cm in width at a distance of 20 cm from the edge of 
the cow pats. Samples of faeces and grass from each group of cow pats 
ware pooled, 'and the concentration of infective CooparU spp. larvae 
ir the total samples of faeces and grass was determined. The time of 
samplings is shown in Fig. 3. 

The inoculation in experiment 2 was rather large (150 g per 1000 g of 
■ faeces) and this itself could perhaps damage the composition of the 
35 habitat, e.g. its water content. Therefore, on day 21 and 36, 10 g of 
faeces from the two groups of cow pats were obtained and dried at 
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i05«C for 68 hour,, and the percentage water content was measured as: 
(Water loss ( S >/wei S ht of dry faeces Cg» x 100%. 

The -suits of experiment 1 are presented in Table 3. During the 
first o 5 days of the experiment, there was a .narked reduction in the 
5 pueber of infective Cooparia spp. larvae in the cow pats mixed with 
and conidia of Arthrobocrys aligospora and in consonance 
with this the transmission of infective larvae to the surrounding 
grass was significantly reduced as compared with the transmrssron 
, ron control pats. On day 29, the relative reduction in grass con- 
camination amounted l.o yo=s. 

TABLE 3 

Th* affect of admixture of the fungus Arrhroootrys aligospora 
15 on the concentration on infective Cooper U spp. larvae in tae 

caw *ats (faeces) and in the surrounding grass at difrerent 
time intervals after the start of the experiment 



20 



30 



35 



Concentr, 



ation of infective Cooparia larvae (L 3 ) 



FAECES GRAS S 

(L 3 /g) (L 3 /kg(dry)) 
25 Da , £ Day No. fungus -fungus fungus -fungus 



14-5-1984 


0 


0 


0 


0 


0 


23-5-1984 


9 


0 


0 






1-6-1984 


18 


0 


155 






8-6-1984 


25 


1 


40 








29 






530 


14480 


12-6-1984 






2434 


57 






28 


10-7-1984 








30-7-1984 


77 


0 


0 







Not determined. 
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R-sults from the more comprehensive experiment 2 are shown in' Fr S . 3. 
it day 14, infective CooperU spp. larvae were recorded in the zae- 
c=s Over the following' weeks , larvae ware gradually releasee to tne 
surrounding grass reaching a maximum concentration on day 29. Appa- 
-ntly, larvae were spread during the period from 14 to 29 days arter 
the start of the experiment, probably facilitated by the rainy 
weather in this period. 

The presence or Artfarobocrys olXgospora in the cow pats resulted in a 
marked reduction in the number of infective Coooeria spp. larvae in 
both the cow tats and surrounding grass as compared with the controls 
(Fig. 3). On day 29, A. oligospora was responsible for an 86% reac- 
tion in the number of infective larvae in the grass. 

Tm experiment 2, the water content in cow pats with and without the 
15 milled fungal material was 268% and 289% on day 21 and 376% ana 3oo, 
on day 36. It is reasonable to conclude that the water content of the 
two types of cow pats was sufficiently similar not to account for 
differences in the composition of the faecal habitats and finally ror 
differences in numbers of Coooeria spp. larvae developing in the ««, 
-® types of pats. 

In hot* e^nts, the nematode -trapping fungus could be- demon- 
strated in the inoculated cow pats using the sprinkling technique on 
com meal ager (Fowler, 1970 (48)). 
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Field experiments on the ability of Arthrobotrys oiigospora to reduce 
'cne number of larvae of OMtprugU osCertagi in cow pats and sur- 
rounding -rasa as well as to reduce the extent of parasite infection 
In calves 

pieces containing eggs of the parasite Oscerta^ia ostartagi was ob- 
tained from donor calves with experimental monoinfections. Tne col- 
lected faeces was immediately cooled to 5 'C to prevent the eggs from 
developing. Tne day before cow pats were placed in the test pasture, 
portions of about 25 kg of faeces were mixed in a cement mixer at 
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.oca temperature for 1-1.3 hour in order to secure a uniform distri- 
bution of 0. oscerragi eggs. This material was subsequently disced 

~ 1 v~ o- faec-s which were aoulded into cow pa^s 
■Jnto 24 portions or 1 *cg ^ aec - s wa ~ . 
; ich a diaaeter of 16 cm and a height at the centre of 3 «. Prior to 
position in the pasture, 12 of these experimental cow pats ware 
inoculated with 2 million A. oligospora conidia per 1 kg or raeces 
(that is 2000 conidia/s) in a 10 ml aqueous suspension. 10 el or run- 
s us-free water had been added to the remaining cow pars which were 
used as controls . 

^ fungus-inoculated and control cow pats ware placed at intervals 

i -« rt f npstuxe The procedure described aoove 
of 9 6 a in separate plots or ?^^— in ~ ~ u 

wa3 repeated three times so that the experimental cow pats were 
Placed in the plots for four consecutive months at intervals or aoour 
; ou . weeks. The cow pats were protected against dung-seeking mrds by 
15 ^ns of hemispherical nets with a diameter of about 50 cm and a mesh 
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diameter of 6 cm. 
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it intervals of 14 days, samples of a few grams of faeces were col- 
"iecred fro, the edge of the cow pats, and samples of grass were «u _ 
, ro m the edge or" the cow pats to a distance of 20 cm and in swatns or 
7 cm. The grass was cut as close to the ground as possible. 

The number of infective 0. oscercagi larvae per gram of faeces (IPG) 
was determined by a modified Baermann technique (Jergensen and Mac- 

.„ 198 , (45)). infective larvae in grass were isolated by the agar 
. ."technique developed by J.rgensen (1975) (46) and Kwegoha and 
Jargensen (1977) (47). 

Tn ths final stage of the experiment, parasite-free "tracer" calves 

tu^-d to grass for two weeks in the two plots, with and without 
fungus-inoculated cow pats, approximately two weeks after the last 
portion of cow pats had been placed in the pastures. The calves were 
"t^ s^led for three weeks until they were slaughtered. Tne concen- 
c :;; on of ssruffl pepsinogen in the blood from which the extent or im- 
pairment of the gastrointestinal mucosa caused by the parasites may- 
be determined, was measured. The tracer calves were slaughtered and 
the number of parasitic nematodes in the abomasum were recordec. 
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Recordings of the weekly maxima and minimum temperatures two metres 
above ground level and the total weekly precipitation were obtained 
at a weather station about two kilometers southeast of the experi- 
mental plots . 

Results 

Co» pat samples - 

The results from the cow pat samples are shown in Figs. 4 and 5. The 
rather low EPG (eggs per gram of faeces) in cow pats placed ir. the 
pastures in Kay and June together with a relatively dry period in 
both these months resulted in low concentrations of L 3 -larvae in 
these pats during the entire experimental period.. The higher EPG in 
cow pats nlaced in July and frequent showers in July and August re- 
sulted in a greatly increased development of larvae in these cow pats 
(?ig. 5). . 

The results of the samples from the cow pats showed that there was a 
significantly smaller number of infective 0. osterzzgi larvae in cow 
nats admixed with conidia of A. oligospora than in the control cow 
pats. This pattern was particularly pronounced in cow pats which had 
' been placed in the pastures in July, where a reduction in the number 
of L 3 - larvae of 63% was observed in cow pats admixed with the fungus 
when measured four weeks after the cow pats had been placed in the 
pasture, cf. Fig. 5. 

Grass samples 

The number of infective larvae of 0. ostertagi around the cow pats 
was initially very low due to the dry weather in the early season. 
•After about six weeks when the weather became more rainy, larvae were 
gradually released to the surrounding grass so that the maximum of 
^-larvae measured in the grass around the control cow pats reached . 
the highest level at approximately the same time, namely 12, 8 and 4 
weeks, respectively, after they had been placed. At this point, the 
largest reduction in the number of L 3 -larvae in the grass around cow 
patl admixed with conidia of A. oligospora compared with the controls 
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o£ ,8%, 89% and 46%. respectively, for cow pars placed in May, June 
and July could be observed. 

Tracer calves 

5 xhe results fro. the tracer calf experiment are su^arizad in Tables 
4 and 5 . 

TABLE 4 

Serum pepsinogen ( tyros in/li-ar) 
10 " Week 



15 



20 



25 



Pasture 
--/- fungus 


Animal No. 


* 0 


1 


2 


3 


4 


5 




260 
262* 




0.4 
0.3 


0.9 
0.8 


0.9 
0.8 


1.0 
1.7 


0.6 
2.4 


0.7 
1.6 


-r 


741 
259 




0.4 
0.2 


0.6 
0.4 


0.7 
0.6 


1.0 
0.5 


1.0 
0.5 


0.7 
' 0.4 






X 


0.3 


0.7 


0.8 


1.1 


1.1 


0.9 




263 
258 




0.3 
0.4 


0.7 
0.9 


0.7 
0.9 


0.9 
0.9 


0.7 
1.0 


0.7 
1.2 




256 
261 




0.6 
0.5 


0.7 
1.0 


0.9 
1.0 


0.8 
1.3 


0.8 

1.4 


1.0 
1.3 






X 


0.5 


0.8 


0.9 


1.0 


1.0 


1.1 



95% of healthy animals will show values of between 0.3 and 0.7. 
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TABLE 5 



Number of 0. ostarcagl in the abomasum 



+/■ fungus Animal Ho. at slaughtering (week 5) 

5 



260 2680 
262 26000" 

8170 



741 

259 3040 



9973 



263 7980 

258. 1 ~ 1 - 350 

256 1 ^ 280 

15 261 . ^ 3040 
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*) aberrant grazing behaviour. 



It appears from Tables 4 and 5 that calf No. 252 (marked with an as- 
terisk) deviated from the other calves in the group grazing in the 
fungus -treated plot in that it showed surprisingly high serum pep- 
sinogen values (Table 4)' as well as the largest number of nematodes 
25 in the abomasua. (Table 5) . The unexpected high values from calf No. 
262 were responsible for the fact that no statistically significant 
difference between the two groups of calves could be demonstrated 
during the test period, and the fact that no statistically ^signifi- 
cant -difference in, the number of adult 0. ostertagl individuals in 
the abomasum (worm counts) could be observed. 

Based on these observations., it is suggested that calf No. 262 had an 
abnormal grazing behaviour in that it 'seemed to ingest the highly 
contaminated grass .close to the cow pats. This grass is normally 
avoided by calves as long as there is no general grass depletion in 
the pasture. If, therefore, the data from this calf presented in 
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Tab les * and 5 are delated, a significant beneficial effect is ob- 

, . • in cow oats both with respecu 

rained by adding viable A. olxgo.pora xn P 

„ serum pepsinogen levels (0.6 in wee. 5) and wor* counts (4.30). 
^thermore, it should be noted that the tracer calves had been turn- 
ed to grass at a time when the infective level of 0. « xn 
f l 'seated and fungus-free plots approached comparable levels. 
^1. too, might have contributed to the very saaU differen c. he- 
cween the two groups of tracer calves. It .he tracer c.. 
tu ^d to grass two weeks earlier, the calves grazing xn the rungus 

;:;::ed ^ ^ ^ ^ * f « sasller ™ r 

nematode' larvae than the calves grazing in the fungus-free plot, 



EXAMPLE 9 

15 interactions between .4rthrobotrvs oligospora and third-stage larvae 
of a number of aniul parasitic nematodes 

Tbe ability of ,. oligospora to develop trapping devices and to trap 
1 vsr iety of animal parasitic nematodes in the third xnrectxve Urval 
" examined, and comparisons were made with indigenous soxl 
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30 



stage was 
nematodes 



- -, - of -na^asitic nematodes : 

The experiment included the following species o- pax 

rwi. ncr-arcaf?'' Diczyocaulus vivipairus- (in- 
Cooveria cncovhoza , Oszarzagi* osueru-,., / 
25 fating cattle), Cooperia curcld. Haexoncnus ccmcortus (xnxec^ng 
meeting c . -u^fsolnulacuffl (infeccitig 

i CyatnOSto.a SPP- (Meeting horses) and .Venatospiroides ouoxus 
t l mice). All species, except the cyathosto.es whxen xncludac 
broad spectru* of species, fro. a naturally infected horse, were »- 
c=ined fro,, animals with experimental mono-specific inrectxons. Lar- 
. -fc* rhi-rd sta-e by standara cultl- 

va« wre allowed to develop up ,o uhe em-a s,. B 7 
1."^ and were subseo.uently isolated by modified Baermann 
nechni^es. Before use, the larvae were washed by ~' 
^suspensions in sterile water. Stage of development and motxli.y 
ware checked by microscopiai examination. 
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The soil nematodes employed in this experiment were Fs-^reiius redi- 
vivus which was cultured axenically in flasks containing soy peptone- 
liver extract (Nordbring-Hertr , 1972 (43)) and Rhabdizis Wohlgemuth! 
which was cultured on bacteria-containing serum agar plates. Both 
5 soecies were subculture* once or twice a week. Before use in the ex- 
periment, they wars harvested by baennannization and were subsequent- 
ly washed by alternate centrifugations and resuspans ions in sterile 
water. The final suspensions contained both adults and juveniles. 

Arthrosotrys diaspora Fres. strain ATCC 24927 was used throughout 
"the experiments. It was grown on com meal agar (CMA) adjusted to 
oH 7 (Lysek and Sordbring-Hertz , 1981 (42)). To avoid contamination 
with bacteria and overgrowth of the dishes, benzylpenicilline and 
streptomycin sulphate were added to the agar in concentrations of 
200 "i.u. and 260 ug per ml, respectively. Approximately 4 ml of the 
agar were poured into each test petri dish with a diameter of 3.2 cm: 
The dishes were inoculated from stock culture dishes from which small 
blocks of agar were" cut from the periphery of the actively growing 
colony and placed upside down on the new agar. The fungus dishes were 
exposed to daylight and kept at room temperature (20-23°C) and 98- 
100% of humidity. The mycelium usually reached the periphery of the 
dishes in 4-5 days. The dishes were supplied with a grid pattern on 
the bottom to facilitate nematode counting. 

The study comprised two series of experiments, each including a va- 
25 ■ riety of the parasitic nematode species and in addition one or both 
of the soil nematodes (Tables 6 and 7) . 

• Trap development: For each of the tasted species, a drop adjusted to 
contain approximately 500 nematodes was added to the centre of a 5- 
30 day old fungus dish. Drops of nematode- free supernatants of the re- 
spective batches ware added to other fungus dishes to determine pos- 
sible morphogenic Potentials of substances not bound to the nema- 
todes: A few fungus dishes in each series were left untreated. The 
dishes were examined at x 100 using a binocular microscope, the ob- 
35 sarvations starting with 3 -hour intervals and ending with 6 -hour in- 
tervals over a 27 -hour period. Finally, they were read at 48 hours. 
Only completely closed loops either in isolation or as part of a more 
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_ ^^rated ^ive randomly selected fields were 
complex network were enumerated. i 

, an d tV aver-e nusber of loops par nm z was enuac- 
examined per aisn, and Oie ave.^- 



rated. 



10 



15 



20 



.racing efficiency: Pre-induccion of -.rapping networks «. made by 

; dd ;: g approximately 500 P. redXvivus to each of the 5-day old rungus 

- n . e e d=ys numerous loops had formed, i.e. approxi- 
disnes. After uirae a_ys , uum 

aac . ly 100-200 per in series 1, and 350-500 in ser.es 2. At tm. 

point, all nematodes were captured and consumed, having a more or 

_ = __ Thes» dishes were used for assessing kM 
less amorphous appearance. Tnes- a-sn ^ ^ 

. capping efficiency of A. oospore against the various parasx.rc 
erodes co he scudied. Within 24 hours freshly added P - — ^ 
and orher nematodes could easily he distinguished from the zarnt ana 
partly dissolved P. redivivus that originally pre-induced craps on 
the dishes . 

- cart »d with adding one drop, i.e. approximately 500 
The experiment. 3^1.- u wiw =■ » 

* . • - a1 c nf a rivet) sn-cies, to the centre of a disn con- 
nematode indivicuals or a given » 

• ,w*d bv P rsdivivus as described above. In com- 
taining traps pre -induced - • 

„^ e( , f-o a run^is-free CMA dish. fcemauod=s ^e, 
t>arison, one crop was acaed - 

obse ^ed under a srereoscope (x 20) scarring 30 .inures arrer adding 
^ erodes and then with the same intervals as described above xor 
r'/ao recordings. To account for deaths noc related ro fungal preda- 
cicy ch e number of normal, freely moving individuals on the rest 
d.sbis was expressed as a percentage of those on the fungus-zres 
control dishes. At intervals, the motility of the various nematodes 
and the behaviour of the captured individuals were studied in closer 
detail at higher magnification (x 100) . 

v-rn™ »f the deferent nematodes to induce trap 

Results showing the abilit} o cne — 
30 nation in A. diaspora are summarized in Table 6. it appears ..,,. 

- h " were all able to induce trapr within the period of observation. 

although at very different levels. No traps were formed on disnes 

seated with nematode-free supernatant* or on the untreated disnes. 

, p art from D. vivipams, more than 80-90% of the larvae were motile 
35 at the time they were added to the dishes. Only 10-15% of the 23. 

vivioarus larvae were observed to move and most of the remaining lar, 

v ae were coiled. In general, crap formation was much more pronouncea 
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to series 2 than in series 1, both with respect to the lag period be- 
fore the srart of trap morphogenesis and to the final concentrate 
o-r traps. Also, the pre-induced dishes of series 2 developed more 
^aps "than those of series 1 in response to the addition of P. re,,- . 
5 v-vns. A oossihle -explanation of this difference is that the mycalrum 
^ series 2, for some mftnom reason, seemed to be more dense than in 
series 3 «hen comparisons were made within each of the two experi- 
mental series, it was found that the ability of the intestinal tri- 

chostrongyles of ruminants (C. oncoptora, C. <=e_. 

t0 and 0. oster^i). and of the cyathostomas to induce traps was almos. 
comparable to that of the soil nematodes and exceptionally higner 
tnen that of the porcine Oesophagoscamm species and Che mur,n= 
duoius. rae poorest trap inducer was D. viviparus which, even arter a 
ren-^old increase of the inoculum (to raise the number of moane lar- 
15 vae to the level of mottles of the other nematode batches) . only pro- 
duct a few trans towards the end of the observation period. 3y od-. 
..rv*»- the .locomotive behaviour of the various nematodes on taa 
dishes! it was evident that D. viviparus exhibited the slowest moti- 
_ lity aad ^.ration, and the intestinal trichostrongyles of cattle ana 
sheep, and the soil nematodes, the highest. 

Concurrently with the development of traps on the dishes, the neaa- 

,f«r 1? hours very few were oo- 

todes themselves were trapp=d, =ne ^< n 

. . , - n= o U rfac=s However, at 48 hours motile 

served to migrate rraely on v-ne sut^c-s. nu»= 

D. viviparus larvae were seen at both inoculum levels. 

Table 7 shows, that, in both series, A. oiigospora possessed a high 
erd almost instantaneous trapping efficiency towards all nematodes, 
in that approximately 80% or more were caught after 30 minutes. Host 

■» _ t a -rr&r six hours'. One interesting ex- 

s^ecies were completely trapped arte:, six 

. - ♦ _ „ *v*»~ individuals were recorded 

■ ception was R. wohlgemauu. wnere a ,re. -^v.au 

as late as 27 .hours after the experiment had started. On one occa- 
sion, a strangled and billed female was observed from which larvae 
were gradually released, and this may perhaps explain the persistent 
finding of few individuals of this species. 
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0n close examination, it was observed that ensnared third-stage lar- 
vae of all the narasitic nematodes apart from the cyathostomes con- 
tinued to wriggle in the traps for .any hours, a few up to 27 hours, 
unlike the soil nematodes and the oyathosto.es which apparently oe- 
5 came paralyzed within a few hours after entrapment. 

During the early part of the experimental period, nematodes of all 
categories were occasionally seen migrating freely with traps ana 
nyphal branches attached to their cuticle, suggesting that they had 
succeeded in liberating themselves. However, they were apparently 
10 -cantured. On monitoring the distribution of the nematodes on tne 
tf.ta-. it was noticed that the nematodes on the fungus dishes were 
„<d.ly dispersed over the surface and in close contact with the 
hy phae. On" the fungus-free control dishes, they tended to accumulate 
r the edge of the agar . 
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TABLE 6 

Induction of loops in A . oligospor* by various nematodes 

Number of loops per mm 



Series 1: 

C. oncophorz 

D . vivip&rus 
D . vivipsjrus" 
C. curticei 
H. contorcus 
0e. den ta turn 

30 03. quadrlspinulacum 
II. dubius 
p t .rsdivivus 



Oh 


3h 


6h 


9h 


12h 


15h 


21h 


27h 


48h 


0 


2 


2 


22 


39 


33 


37 


72 


105 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


3 


10 


0 


0 


0 


8 


13 


13 


29 


54 


52 


0 


0 


0 


21 


27 


36 


33 


60 


61 


0 


0 


1 


0 


1 


2 


5 


3 


12 


0 


0 


2 


3 


2 


1 


2 


7 


8 


0 


0 


2 


0 


0 


2 


n.d. 


9 


25 


0 


0 


0 


27 


41 


"89 


114 


138 


149 
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Series 2: 










C. oncophore. 


0 


u 


44 


175 


0. ostsrtragi . 


0 


1 


JJ 










Oa . dannacum 


0 


0 


4 


55 








Zo 


Oa. ' au&drl sv inul a nun 


0 


0 


0 


Cj&thosroma. spp. 


0 . 


0 


10 








8 


tf. dub Ins 


u 


0 


2 


v . redivivus 


0 


0 


44 


251 


■ R. vohlganrathi 


0 


0 


120 


147 



PCT/DK8S/00039 



221 199 242 284 284 

202 271 281 297 317 

27 57 115 129 ill 

48 50 88 108 99 

153 138 178 202 167 

17 30 41 50 73 

217 301 329 296 340 

1QQ 229 303 300 



* Approximately 5000 larvae per dish, 
n . d . : not: de termined . 

TABLE 7 



Trapping efficiency of- A. oligomer* against various nematodes 

Number of freely migrating nematodes on fungus dishes with 
pre -induced loops expressed as a percentage of that on 
fungus -free control dishes 



25 



30 





Oh 


0.5h 


3h 


6h 


9h 


12h 


15h 


-Series 1: 
















C . oncophozz 


100 


2 


0 


0 


0 


0 


0 


D . viviparus 


100 


13 


0 


'0 


0 


0 


0 


D . viviparus" 


100 


13 


1 


0 


0 


0 


0 


C. cujrclcei 


100 


4 


4 


5 


3 


0 


0 


S. concorcus 


100 


0 


0 


0 


0 


0 


0 


Oe . Gentatum 


100 


0 


0 


0 


0 


0 


0 


Oa. quzdrispinu- 
















lacus 


100 


0 


0 


0 


0 


0 


0 


tf. dubius 


100 


5 


4 


0 


0 


0 


0 


p . redl"ivus 


100 


15 


1 


0 


a 


0 


0 



ooo 
ooo 
ooo 
ooo 
ooo 
ooo 

ooo 
ooo 

0 0 0 
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Series 2: 

C. oncophora 

0. ostertagi 

Oa. dantatum 

Oa. quadrispinu- 

latum 

Cyachoscoma spp . 
?/. dubius 
p . rsdivivus 
R. Wohlgemuth! 



100 


0 


0 


0 


0 


0 


0 


0 


0 


100 


0 


0 


0 


0 


0 


0 


0 


0 


100 


0 


0 


0 


0 


0 


0 


0 


0 


100 


8 


0 


0 


0 


0 


0 


0 


0 


100 


3 


0 


0 


0 


0 


0 


0 


0 


100 


21 


17 


6 


3 


3 


0 


0 


0 


100 




2 


0 


0 


0 


0 


0 


0 


100 


2 


2 


0 


0 


0 


2 


0 


3 



0 
0 
0 

0 
0 
0 
0 
0 



.^proximately 5000 larvae per dish. 
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EXAMPLE 10 

Ths sur viv*l of Hjptee and spores of ArcHro^rys oligospora in in 
vi tro sxp er im en cs 
In vitro experiment 

Stores and hyphae of A. oligospora were incubated at 39* C in water, 

• i it, order to simulate the gastroitii.es ti- 

pepsin-HCl and ruminal .luid m orde- 

* , „- -h- fua.ai material in calves, the experiment being 

nal passage oi uae i.ung*- m — 

„rf—d according ro a modified method of J.K.A. T.Uey - 

stage techni.ua for the in vitro digestion ox rorage 

^ ~- **** **. «. »«. w . ^.m. i»- 

cubation times were fro, 0 hours (controls) to several weeks. 

,-ncubation, the presence of viable fungal material was de- 
7enTined by inoculating Betri dishes containing an agar substrate to 
which had been added nematodes (Panagreilus) . The statical ^ 
(.est orobable number) method (DeHan, J.C.. "The prooaorlx.y o. 

. „ Fur j to pl. Microbiol. 1, 1975, pp. 67-78) was 
probable numbers , Sor. J- 
employed for quantitative determinations. 

The results are inconclusive in that they show large variations. How- 
35 Zr soae general conclusions appear fro. Table 8 below. It appears 
fro*' Che Table that hyphae have a-survival rate which is comparable 
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to that of conidia (spores) and that, of the tested fluids, rumi*ai _ 
■ fluids seems to have the highest inhibitory effect on the survival ox 



the fungus . 
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TABLE 8 
Conidia Hyphae 



water 

Peps in- HC1 
10 Ruminal fluid - 6 Hours 



4 days - ^ weeks 

2 days ~ ^ cay^ 



- 4 nours 



EXAMPLE 11 

15 The in vitro survival of Archzobocrjs oligospora spores and kyphza . 

tt . concentration of fungal .material in the starting material was 
determined by preparing UT*. W? and 10"* dilutions of spores by 
mixing 1 g of hyphal material with 9 ml of sterilized tap water". Pe- 
tri dishes containing CMA medium (as described in Example 1) ware 
inoculated with 0.5 ml of fungal material per Petri dish (5 Petri 
dishas..t>er dilution) and incubated at 25°C overnight. On the follow- 
ing day, 0.5 ml oer Petri dish of a Panagreilus suspension was aacad, 
and the recovery of the fungal material was determined by observing 
any growth of the fungus -after 2 weeks of incubation. During the 
first week, the Petri dish was' kept only partly covered. 

1 m3 of the diluted fungal material was added to 9 ml of water, 9 ml 
of pepsin-HCl and 9 ml of filtered ruminal fluid in order to simulate 

- - £,_,_ a i _ pr=i _^ -i i-p calves. The 
the gastrointestinal passage or aie rungal mat ax 

p-os^-flCl was nrenared by dissolving 2 g of 1:10,000 pepsin (Sigma P 
7000) in 850 ml" of sterilised tap water, adding 100 ml of m HC1 and 
making up to 1000 ml with sterilised tap water. Ruminal fluid was 
taken on the day whan the experiment was started. 

35 ^ flasks containing the spores and hyphae were incubated at 39 °C in 
a shaking bath for the first day and then in a thermostatic cupboard. 
On- flask was used for each incubation time. 1 ml of fungal materxal 
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add ed to 9 ml of water was incubated at 25'C as a control. ^ -n 
nation time, the fun g al serial - inoculated in P.tx, drsnes 
containing P««r.ll«* as described above. Five dishes were used tor 
each incubation time. 

Incubation times: 

Control : 0, 1, 2 cays, 1 week. 

0, 2, 4 and 8 hours, 1, 2, 3, 4 days, 1 week. 

Pensin-HCl: 0, 2, 4, 8 hours, 1, 2, 3, 4 days, 1 week, 

todnal fluid: 0, 2, 4, 8 hours, 1, 2, 3, 4 days, 1 week. 

■ t»m« 9 and 10 where all inoculations were 
The results are shown rn Tables 9 ana _u 

aade from a 10" 2 dilution of the fungal material. 

TABLE 9 

Incubation of Arthrobocrys oligospora at 39 °C 

Time (r.umar of positive Petri dishes out of 5 in- 



Treatment: 



oculatedplatas) ^ ^ ^ 3days 



water 

Ruminal fluid 
Pepsin-HCl 


5 
5 
3 


5 
5 
0 


Submerged mycelium 
5 5 5 
5 0-0 
0 1 0 


(A) 
1 
0 
0 


0 
0 
0 


Ruminal fluid 
pepsin-HGl 


5 
4 
3 


5 
5 
0 


Aerial myceli 
5 5 
4 o 
0 1 


.urn (3) 

A 

0 
0 


5 
0 
0 


0 
0 
0 


Water 

Ruminal fluid 
?epsin-HCl 


5 
3 
4 


5 
5 
3 


Conidia (C) 
5 5 
4 0 

0 o 


5 
1 
3 


5 
0 
0 


0 
0 
0 



30 



35 
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TABLE 10 

Control incubations of Arthrobotzrjs oiigospora at 25 'C 
Material 



10 



15 



20 



25 



Time 

Iday 2days lvaak 



Submerged mycelium (A) 
Aerial mycelium (B) 
Conidia (C) 



5 5 i 

5 5 5 

5 5 5 



Tt a^ears that the fungal material of A. oligomer* shows a very 
3 oor viability when incubated in ruminal fluid and ?epsin~HCl and 
only a somewhat higher viability when incubated in water, all incuba- 
tions being negative by day 3. In contrast, control incubations at 
25 °C in water show that the fungal material is viable for at least a 
week. 

EXAMPLE 12 

Field experiments on the ability of Arvhrooocrjs oiigospora to reduce 
Che extent of infection by Ostertegia osterta-i in grasing calves 

5 parasite-free donor calves were each orally infected with a mono- 
culture of between 30,000 and 100,000 infective larvae (L 3 ) of a 
Danish strain of Ostertagi* oscertagl Stiles (Trichostron-yiidae) . 
Samples of fresh faeces containing 0. ostertagi eggs were collected 
' daily for experimental purposes and stored for not more than 6 weeks 
at 5°C. 

30 ^tteobotrrs oiigospora was cultivated in a liquid medium containing 
U2 g of liauid malt extract; 1.68 g of asparagine; 1.5 g of CaCi 2 , 
1 g of K 2 H20 4 -7H 9 0; 0.5 g of KC1; 0.01 g of ?eS0 4 /100 ml of H 2 0 and 1 
Xi " re of distilled water substantially as described in Example 4. The 
fungus did not develop conidia in this medium. 200 ml portions of in- 

35 ocu Lted media were cultivated for between 1 and 2 weeks at 20°C in 
shaking bottles to ensure aeration of the medium. 
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Before use, the liquid sediua was removed and replaced by rap water 
containing 0.U Tween- 80 and the oycelia in the suspension were 
framed by placing the, in an "Ostler" blender tor 2 ^nute ^ 
Xhe si.a of the E ycelia fragments was between 30 and 300 p* Fxn a y 
5 rhe suspension was adjusted to different levels of gra* ayceUa p=r 
uL For" each mycelial suspension used, the nueber of mycelra rrag- 
m en=s ner ,1 was counted and the percentage of viable (ger^natxng) 
ffiy celi"a fragments was measured on a corn aeal agar eediua (Lysefc * 

. ncM , , 0 n *\ n-^Tv n^vlY harvested and zragmenuca 
Nordbring-Hertz, 1981 (42)). Onlj n-.i) 

10 mycelia were used in the field experiments. 

f -,-n- Ch- -Nuance of mycelial concentrations on 
Laboratory experiment on m u - * 

nematode entrapment in cow pats 

A faecal portion fron, the donor calves was thoroughly mixed for 20 
15 minu ee/in a ceaent .tar. The count of 0. oscer^i in the faeces 
was found to be 700 eggs/g faeces. ? ro* this sample, ten o00 g per 
ti ons were prepared. Two 500 g portions of faeces ware 
oculated with each of the following amounts of diaspora eyceUa/ 
; faeces; 0.0 g (control). 0.03 g, 0.075 g. 0.19 g or 0.43 S . The 
proportion of geminating .ycelia fragments in rhe inocu.a was round 
no be 88%. 

the faecal portion,, which were moulded into done- shaped cow pats 
Cdian! eter 16 «>. were placed in «U pl-tic buckets wren a ooc.o* 
lay er of 1 litre of parasite-free sterile soil. The cow pars were 
kept in the laboratory at 20'C and 60-90% EH. Three ti.es a wee. e.ach 
cow pat was sprinkled with 10 el of water. 

, . • ^-r-ind of 17 days, samples of between 2 ana o 
ifrer a cultivation parroc or a u*j=. 

*ra*s were ta.en fro. the edge of the cow pats, and the. «oer 
Live larvae per gra. of faeces .as determined by a <nod,fxed Baer- 
E ann technique (Jorgensen 6 Hadsen, 1982 (45)). 
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10 



15 



-20 



Field experiment 
The experimental pasture 
Tb 



. experiment was carried out on a parasite-free pasture -which had . 
not been grazed for several years. The soil was a bran sandy clay 
with a nH of 6.5 and an organic matter content of 4% of soil cry 
we<gbt. Before the start of the experiment, the pasture was divided 
int0 two comparable plots of equal size (20 x 100 metres; 0.2 ha). 

ac regular weekly intervals (seven times in all), batches of approxi- 
mately 80 kg of .faeces from the donor calves were brought to the ex- 
perimental pastures. The faeces was carefully mixed in a cement mxxer 
^-or 20 minutes to obtain an even distribution of 0. ostertagr eggs. 
w r0 m the mixed faecal portion. 10 small subsamples were taken to 
determine the concentration of parasite eggs by a modified HcMaster 
method (Henriksen & Aagaard. 1976 (49)). Half of the faecal portron 
was then removed. The remaining portion was mixed with fragmented 
oyC elium of A. oligospermia the cement mixer for another 20 minutes, 
giving a mycelial concentration of 0.25 g per kg of faeces when.ap- 
plied = in a 10 ml aqueous suspension per kg of faeces. Counts were 
made according to Henriksen & Korshoim, 1983 (44) . 

259 fungus- inoculated 1 kg dome-shaped cow pats .(diameter 20 cm; 
height 3 cm) were placed in seven long rows in one plot at intervals 
of 2.5 m. The same number of similarly-sized uninoculated cow pats 
were placed in the second plot in a similar way. 
Determination of infective Ostercagia ostertagi larvae in cow oats 

4X weekly intervals, samples of a few grams of faeces were taken from 
30 "the crust at the edge of 5 randomly selected cow pats in each row. 

Infective larvae were isolated by a modified Baermann technique (Jor- 
.ensen & Hansen, 1982 (45) . When tracer calves were subsequently 
turned to grass in the two plots, they destroyed the cow pats so that 
no faecal samples, could be taken after that time. 
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Detection of infective Oscercagia oscerragi larvae in herbage 
around eke cow pars 

Small herbage samples were taken 10 cm fro. all the cow pars at week- 
ly intervals. After chat, herbage samples were taken at biweekly m- 
5 tervals. The samples from each row of cow pars were combined into one 
samnie. 'when tracer calves were subsequently present in the plots, 
however, it was impossible to find the cow pats in the rows because 
of disintegration. Instead, herbage samples from each field were 
takeP 10 on from Randomly selected cow pats, including cow pats depo- 
sited by the tracer calves, and combined into one sample. The number 
of infective 0. oscertagi larvae were determined by the agar tech- 
niaue of Jorgensen. 1975 (46), and Mwegoha 6 Jergensen, 1977 (4/). 
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Herbage cutting 



7 n the oeriod before the -tracer calves were turned to grass, the 
height "of the herbage was kept between 8 and 15 cm. Herbage within a 
distance of 20 c, from the cow pats was cut to a height of between 20 
and 30 cm in order to simulate the grass tufts around cow pars wnacn 
normally occur on grazed pastures. 

Grazing by tracer calves 

Eight 5-6 month-old parasite-free Jersey calves with body weights be- 
„l m 146 and 170 kg were used in the experiment. The calves were 
25 divided into two groups with approximately the same total weight and 
turned to grass in each of the two plots on the 15th of July 193/. ^ 
Two months later, the calves were slaughtered. During the second hair 
of the grazing period, grass was scarce and the calves were, in addr- 
offered oarasite-free hay and straw as well as concentrates. 
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Examination of tracer calves 

The calves were weighed at aonthly intervals and rectal, faecal and 
blood samples were taken ar biweekly intervals. 

Faecal egg counts were made according to a modified Monaster tech- 
nique (Henriksen 6-Aagaard, 1976 (49)) and faecal larval counts were 
made by the method described by Henriksen 6= Korsholm, 1933 (44). 
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Blood samples 
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15 



20 
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vera analysed for serum pepsinogen and serum albumin. 
Seru. pepsinogen was determined according no Ross « al., 1957 (50) 
and serum albumin was determined by an immunological method described 
by Mancini et al., 1965 (51). 

n.- abomasum of each calf was analysed by sieving 1/10 of the mixed 
content of each abomasu* thrown a sieve wish a mesh size of 200 pm 
- 0 retail adult narasites. The abomasal mucosa were removed by scrap- 
ing with a knife. The isolated mucosa was digested in a papsin/hyero- 
cUoric acid mixture (1000 ml of H 2 0; 150 ml of II HC1, 8. g of peps« 
(1-3000)) at 39 = C for half an hour. The digested suspension was srev- 
J plough a fine sieve with a mesh size of 36 pm to retain larval 
BtafM of the parasite. The retained materials fro. the abomasal con- 
cents and the mucosa ware preserved in iodine until the parasites 
were identified and counted. 

Statistical analysis 

statistical analyses were made by Student's t-test on in rrans- 
formed data. 

Heteoro logical observations 

The weekly mean, maximumand minimum temperatures (°C) 2 m above 
ground level and the total weekly rainfall (mm) were recorded at a 
meteorological stacion situated 1 km from the plots. 

Results . 

' ~«o H-Tir^re o-r mycelial concentrations on 
Laboratory experiment on tne influence o- 

nematode entrapment in cov pacs 

The influence of increasing concentrations of .4r thro bo cry* oligosporz 
mycelia fragments on the number of infeccive Osterta^ oscercagx 
Urvae in cow nets is shown in Table 11. It appears from the Table 
tha* at concentrations between 10 and ISO million mycelia fragments 
p./] k, of cow nans, the fungus showed a 57-71% reducing errect on 
0 csterta- recoveries from inoculated cow pats compared wren reco- 
from control cow pans. Tne results, however, did not show any 
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. ^ m 4 M efficiency with increasing mycelial concentra- 
increasmg trapping emciew-j 



tions . 



TABLE 11 



5 weight (g) of mycelium Number of mycelia ^3 ?G 

< 1 # ^„ fragments per 1 kg (mill) 

per 1 kg or cov, pau — & 



0 

0.030 

10 0.075 
0.190 
0.480 



678 
10 
30 

70 259 (62%) 

ISO 290 (57%) 



224 (67%) 
197 (71%) 



15 Field experiment 



20 



25 



Cow pat samples 

4S show, It. Table 12, it was decided to use a constant concentration 
* 0 25 „ fra ^.nted A. ol ^alia per 1 kg of faeces in the 

catagor/of cL pats placed in the fungus -inoculated plot seven ti.es 
during the summer of 1987. 

Xha seven different mycelial suspensions used contained 15-136 eil- 
Uon ovcelia fragments per 1 *g of faeces. Xha percentage or vrable 
germinating fragments was found "to ba batwean 76 and 82,. 
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TABLE 12 



Date of .lacing -Weight: (g) of Nu^er of . Percentage 

the cow *ats ^celia per 1 kg i^celia frag- 

of cow .at ■ ments per 1 kg mycelia 



in 1987 



3/6 
10/6 
17/6 



a. 25 

0.25 
0.25 



cow pet (mill) fragments 



15 75 
64 80 
94 78 



24/6 



1/7 
8/7 
15/7 



0.25 
0.25 
0.25 



112 82 
72 S2 
42 77 



15 - 0.25 "76 79 



Keen 



The number of 0. escarp eggs per gram of faeces (EEC) in the sever, 
batches of faeces from donor calves is shown in Table 13. The eggs 

20 per gram faeces (EFG) value in the first faecal batch was high (41, ) 
compared with the E?G counts from the remaining 6 batches (60-200) . 
The results presented in Table 13 also show that on average, admix- 
ture of A. clxgosoora myceiia fragments to half of the seven batches 
of faeces resulted in a 51% reduction in 0. osze+czgi recoveries rrom 

25 faecal cultures. 
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TABLE 13 



10 



15 



20 



25 



Date of placing 



S?G a ^3- 



+ fungus " fungus 

Che cow pats 

Me£n s.D. Mean S.D. «e,n S.D. 



1937 



3/6 
10/6 
17/6 
24/6 
1/7 
8/7 
15/7 



415 


183 


34 


22 


229 


140 


70 


N.D. 




N.D . 


200 


82 


22 


13 


51 


115 


100 


30 


12 


63 


95 


86 


24 


16 


31 


60 


32 


30 


17 


35 


123 


92 


21 


11 


70 



72 

35 
11 

7 

22 
35 



a) averages of 10 measurements 

b ) averages of 5 measure mentis 
S.D. - standard deviation 
N.D. - not determined 

ta the cow par experiment was conduce, (in the su.ner of X987) 
th. weather was rainy with relatively low temperatures. Under th-se 

t n ns~^r a <ri 1 to 3 weeks to develop rrom eggs to 
conditions, it took O. os.e^ag- - 

_ ,'-r BC H Ve larvae were round m une 
infective larvae. Thererore, no m-cuive ±a_. 

*-oH 1 *nd 0 weeks before the tracer calves 
rows of cow pats deposited 1 *na u we-Ks 

were turned to grass . 

Gena . ai lv fewer infective 0. ostertagi larvae developed in inocu- 

- ~ h ~, <r> control cow pats. The total number of init- 
iated cow pats Jua xn co^o. inoculste d cow 
ive 0. oscarcagi larvae measured rn all -ows 

pats in the period until the tracer calves were turned to grass - 

r .j th« total number or rn^ecu- 

, . „ n - i?% ^eduction compared wa.tn ui- 

30 ^larvae Lasled in all rows of the uninoculated control cow pacs 
during the same period. 
Herbage samples 

35 The rows of cow pats placed at the beginning of the experiment lead 
„ -creasing herbage inactivity about four weeks later. Host Uk- 
-, y rhe transmission of infective 0. ostercagi larvae from cow pa.s 
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to herbage was facilitated by frequent rain about four -weeks after 
the cow pats had been placed. 

The herbage infectivity around the rows of cow pats placed over the 
next six weeks from the six subsequent hatches conformed to a common 
5 oattem since a large proportion of the infective 0. oscarcagi larvae 
snread to the herbage during the same period. So doubt the increase 
in herbage inactivity wes triggered by a prolonged heavy shower . 
which gave 69 n of rain over two days just after the tracer calves 
^ bad bean turned co grass. 

The herbage samples collected during the last month of the experiment 
were taken from randomly selected cow pats including cow pats depo- 
sited by the tracer calves. During this period, both groups of calves 
vara massing 0. ostartagi eggs in their faeces and it is assumed that 
15 the calves were responsible for a recontamination of the fields. Ihrs 
assumption was confirmed by the rise in herbage infectivity on botn 
fields during the last month. ■ 

In general, fewer infective 0. ostertagi larvae spread to the sur- 
rounding herbage in the fungus - inoculated plot than in the control 
Blot. The total nunbar of infective 0. ostertagi larvae measured in 
"the herbage around cow pats in all rows in the inoculated plots was 
reduced by 50% compared with the total number of infective larvae 
measured around cow pats in all rows in the control .plot over the 
first S weeks of the experiment. During the last month when both 
fields were reconcaminated, the predatory fungus A. oligospora was 
responsible for a 71% reduction in total herbage infectivity. 
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Tracer calves 

The results of the tracer calf experiment are presented in Table 14. 
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TABLE 14 



Analysis of 
calves 



Plot Dates and number of weeks after turning 
+ /- tracer calves to grass in 1987 
fungus 

15/7 29/7 12/8 26/8 
week o week 2 week 4 week 6 



Albumin 
> in blood 

(gram per 

litre) 



the 



9/9 
week 8 



Mean 
S.D . 

Mean 
S.D. 



33 8 34. o 34. o 32. o 
2.2 1-8 1.4 2.6 



34. o 
1.4 



34.3 
1.3 



32.8 32. o 
3.3 1-8 



Body 
weight 
(kg) 


+ 


Mean 
S.D. 

Mean 
S.D. 


16o 
lo 

158 
lo 




171 
5 

163 
15 


- 


153 
lo 

147 
11 

7oS 


Number or 
parasite eggs 
per gram of 
faeces (EPG) 


T 


Mean 
S.D. 

Mean 
S.D. 


o 
o 

o 
o 


o 
o 

o 
o 


75 
32 

296 
117 
*** 


125 
67 

292 
217 

' 87 


733 

658 
182 

N.D 


Number ox 
infective pa- 
rasite larvae 
per gram or 
faeces (L, 3 ~ G ) 


-r 


Mean 
S.D. 

Mean 
S.D.- 


o 
o 

o 
o 


0 

o 

o 
o 


3o 
19 

99 
39 
** 


47 

187 
157 


N.D. 
2.68 


Serum pepsi- 
nogen in 
blood (tyro- 
sine units 
per litre) 


+ 


Mean 
S.D. 

Mean 
S.D. 


o.43 
o . o5 

o.38 
o . o5 


o.75 
o. 4o 

o. 5o 

o.l6 


l.o8 
o. 55 

l.oo 
o.91 


1.85 
o.74 

3.15 
o.72 


l.o9 

4.o3 
o.69 



1.5 

29.5 
2.1 



Number or 
adult para- 
sites in the 
abomasum 



Mean 
S.D. 

Mean 
S.D. 



Number of 
larval para- 
sites in the 
abomasal mu- 
cosa 



Mean 
S.D. 

Mean 
S.D. 
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Four calves grazed in a plot with cow pats inoculated with zragmantea 
my celia of the fungus Arthrobotrys diaspora ( + ) while another r our 
calves grazed in a plot with fungus-free control cow pats (-) . S.D.: 
standard deviation. H.D.: not determined. Asterisks indicate signixr- 
cant differences between the Oro groups of calves using a Stucenfs 
t-test. 

* p<0.10, ** p<0.05, *** ? <0.01. 

It a^ears/fron the Table that after 4 weeks the average body weight 
W*o= the calves grazing in the inoculated plot was 11 kg comparea 
I-irh only 5 kg for the control group (Table 14). 4-8 weeks after the 
calves had been turned to grass, grass was scarce and both groups or 
calves were forced to graze close to the cow pats where the herbage 
infective reached high levels during the sane period. Host Irkely, 
rhe high untake of infective 0. ostertagi larvae in the period rron 
W6 »k 4 ro 8 was responsible for an average body weight loss or 8 kg 
*or calves grazing in the inoculated plot and 16 kg for calves graz- _ 
L tn the control plot in that period. When slaughtered the group or 
calves grazing in the control plot had an average body weight wnxch . 

_ - __n-r=c er^ir L c in the xnoculatea 
was 16 kg less than tne group ox calves gra_xn = _n 

field. This difference was statistically significant. 

E~. of 0. ostartagi were detected in faecal. samples from both groups 
of halves from week 4 onwards. At weeks 4 and 6 , the average EPC- 
values for the zroup of calves grazing in the inoculated plot were 
less than half the average values for the group of calves grazing rn 
the control plot. 

Four weeks after the tracer calves had been turned to grass, this 
deference was statistically significant. However, at the end of the 

- -n*- vas no difference in the- average egg counts between 
30 experiment: uns^e was no o.-j *> 

the two groups. 

.Tne number of infective 0. osterta^i larvae that developed in faecal 
cultures (L 3 ?G) confirmed the course of the EPG values in the two 
groups of calves . 

^=lysis of blood samples taken 6 and 8 weeks after turning to grass 
showed that the average concentrations of serum pepsinogen in tne 
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calves grazing in the inoculated plot were suojec.o .4 - 3 
.eduction, respectively, -pared with the S-p °f calve n_ ^ 
con =.ol plot, These differences were statistically s^zxcan.. Eu 
serum B ensino S en concentrations in boch groups of calves rose to se- 
levels in the last part of the grazing period, *** — , 
that both plots were heavily infested with 0. osterta^. 

was a d-OT3 in albumin cone an- 
During the last U weeks on grass, uhe.e a c 

- v -1 — ™-n« or c=ives, bur mere w« no oil 
cration in the blood or oorn groups 

ferance in albumin concentrations between the groups. 

^cer slaughtering, the aboeasal mucosa in both groups of calves 
s Howed all the typical signs of clinical osrerta g ,as,s . As appea_s 

„~ ^-f-p-erc^ in the fraction or larvae 
from Table 14, there was no dif^e-ence m 

. fc ^ ..ouos of calves. However, Che nuaoer 
found in the mucosa or the two groups 
15 - ad ult twites found in the abomasa of the group ox calves ^ 
a, adult p..* ^ % red wlth 

, r , in tbe fungus -inoculated plou was r-a jr ^ 

I-! number found in the control group. The difference was sta.xs._- 
cally significant. ,11 .racer calves harboured a pure stram o. 0. 
oscerzagi . 

. - rhm rracar calf experiment showed that calves graz- 

The results rrom the tracer I s ^f<- 

. - -„-, m ic. n 'nocu1 ated cow pats haa a sign 

in che tlot containing iun-os-mocL.au 

calcly lower parasite burden and a IS * higher body wei g nt tnan 

calves g ra.in g in the control plot. ,lthou S h both S roups o ca v 

cloned clinical ostertagiasis , the predatory xungus A. ol^por. 

in this way clearly demonstrated a beneficial erxect. 
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EXAMPLE 13 

Titration of Archr.-Otxys oiigospora in horse faeces 
OU nieces ware ' inoculated with A. o-W- and incubated as de- 
scr _bed in Example 1. After 20 days, che place, were washed „ h 
10 »1 of sterile water and the water containing tne tungal *a.e_ 
was used to inoculate shake flasks containing 100 ,1 of a nucr-ent 
aediu* (YPG) containing 0.4, yeast extract. 0.1, KH 2 ?0 4 , 0.0,. 
.MgS0 4 -7H 2 0 and 1.5% glucose. 
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The flasks were incuhated in the dark at »-C on a shaking apparatus 
for 4 days. The fungal culture was than blended for 30 seconds at me 
highest speed in a Waring blender. 

The culture madiu* was filtered off in vacuo through a Whatman f 11- 
cer . 

The harvested mycelium was suspended in isotonic saline (2.30 g Oo. ^ 
^celiurn in 40 ml). The suspension was adjusted to the following con- 
ditions per 5 ml corresponding to the dosage per 500 g or horse 
faeces : 

0.100 g of mycelium. - 2.4 x 10 7 mycelia fragments*) 
0.075 g'of mycelium - 1.8 x 10 7 mycelia fragments 
0 050 g of mycelium - 1.2 x 10 7 mycelia fragments 
. 0.025 g of mycelium -6 x 10 ' mycelia fragments 

x) me mycelia fragments vera counted in a Fuchs-Rosental hemocyto- 
meter . 

ia j r rn - e-noTui atins -colonies , grown 

A. oligospora conidia were screen ,rom spo__ = 

—A --J-ri 9* Difco Bacto agar and incubated ^ 
or vpg mediua. supplemented ^ ° 

25- C for 14 days in 12 hours of light/12 hours of darkness. 
. The conidia were suspended in isotonic saline, and the following: 
dilutions were prepared: 

10 7 conidia per 5 ml 
' 10 6 conidia per 5 ml 
ICP conidia per 5 ml 
10 4 conidia per 5 ml. 

30 The germinating property of the comidia was 100% within 6 hours at 

,5-C whicb was tested on cellophane strips placed on- 2% aqueous agar. 
Strto. containing conidia were embedded in lactophenol cotton blue on 
slides end the percentage of germination was determined under a Ugnt 
microscope. y 

10 kg o£ horse faeces were nixed thoroughly with horse strongylide 
eggs. The faeces contained 1170 horse strongylide e S gs per gram (96% 
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C/aC ho S coaa spp. and 4, Strongs spp.). 500 , portions 
B .„u~d our and mixed thoroughly with a 5 ml aqueous suspensxon or 
mycelium and conidia, respectively, at increasing ionc.ntr.txon,. 
Control faeces was admixed with * el of pure water. Two determine- 
tl -ons were aade at each concentration of the fungal material oy plac- 
n „ 500 - portions in plastic buckets (diameter 25 «, heignt 2, =a) 
.ovided^ith 1 litre of autoclaved vegetable aould. Each bucket was 
'covered with a lid provided with air holes and left to stand at too, 
C5S oeracure. The faeces was kept moist by spraying each portion vxtn 
10 25 al of water a day. 

,„ = ,-nr,A s -iori 5 » samules were taken from each 

.*-„.,. -15 30 days or xncuaa*-ion, o a 

r o r7ion or faeces. Infective parasite larvae (L 3 ) were UoU»**- 



15 



20 



ing 

•D 



jjui.uj.vii 1 QQ0 

f—s-by a modified Baermann technique (Jargensen * Had.«. -982 

- T was then Quantified by the netnoa ae- 

(45)). The number or L 3 - larvae w & s unen u 

scribed by Henriksen and Korsholm, 1933 (44). 

t*-ki^ 15 and 16 in which the reduction of 
The results appear rrom laoles 15 

c . - - ,« compared to the control is given as a 

the number of inrectious larvae conpa-e 

percentage in parentheses. 



TA3LS 15 



MYCELIUM 
mycelium ^3/ S 



CONIDIA 
Number or . L 3 /g 

conidia per 



per kg of 

25 - x g 0 f fasces A B 

faeces A ^ 



0.00 
0.05 



oqv 0 6052 3317 4635 

19234 5438 S83o U 

2330 3010 2670 
(43) 



648 1133 891 20 
30 (90) 

5136 4760 4948 200 2869 3117 2993 

(4.) (36) 
015 1108 1804 1456 2000 1339 2558 1949 

(58) 



(84) 

35 0>20 '2806 549 1678 

(SI) 



20000 760 1430 1095 

• (69) 
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15 



0,00 
0.05. 

0.10 

0.15 

0.20 



MECELIUli 



g mycelium 
per kg of 
faeces . A 



L 3 /g 



10313 3069 

3189 1370 

5783 1157 

2164 2818 

2944 424 
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TABLE 16 



CONIDIA 

Number ox 

L 3 /g 

coni die tier 

g of faeces A B 



6691 

2280 

(66) 

3470 

(48) 

2491 

(63) 

1684 

(75) 



0 
20 

200 

2000 

20000 



8800 
6114 



.883 



9905 
2773 



6981 5827 



883 4609 



971 



9353 
4444 
(52) 
6404 
(32) 
2746 
(71) 
927 
(90) 
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EXAMPLE 14 

The survival of proceed irchrobooy. ollgospora serial in in vi- 
cro experiments 

Tn order to establish whether seeds *ay serve as e carrier for A. 

- eoaris and sesame seeds were auto- 

oli^osoora, 200 g portions or poppj, seads 

clavad in beakers containing 75 ml of deionired water. Ihe oea.<ers ^ 
,-er= then inoculated with 10 el of a 3-day-old submerged culture or 

ollgosvor* (cf. E^pie 4) grown on W medium containing 0..% 
yeast extract. 0.1% KH 2 P0 4 . 0.05% HgS0 4 *7H 2 0 and 1.5% glucose, at ,80 
rpm end 23 -25° G . 

Tne inoculated seeds were covered with metal foil and incubated at 
25±0.5-C'for 21 days and. vera then air-dried at 20-25'C for 18 .ours 
before coating and resting. 

tt. seeds were then coated with a coating material containing 44% Eu- 
aragit. RS 30 D (from Rohm Bharma GmbH, Federal Republic of Gernany; 
a copolymer of acrylic and mathacrylic acid asters with a low content. 
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. ,. __ 1r 3% criechylcicrate, 50% wa- 
of quaternary aasnonium groups), 3% ualc, - / 
cer < w/w ) and then with a coating aaterial composed ox ,2.2, Eudra 

L 30 D (fro. R5 to Pharaa GsbH , Federal Republic of Germany; an 
Lonic toiler based on polynechacrvlic acid and acrylic acid as- 
5 cars), 1.7% talc, 1.7% triechylcitrata and 44.4% water. 

^ respective coating aaterxals were sprayed onto the seeds in a 
Unig latt fluidizad bed provided with a two-fluid nozzle, the coaexng 
Llw a1 s which were stirred during the entire spraying process were 
fed to the fiuidized bed through a peristaltic pu* P at 10-12 J£x- 
nut e. The pressure was 1 bar and the outlet air temperature 30 C. 

nr o- dry coatin* aotlied on the seeds was 3 mg/ca 2 of Sudra- 
Trie amount oj. any coa. — ^ • - 

gif RS 30 D and 2 mg/=n 2 of Eudragit* L 30 

.o determine the degree of colonization of the seeds, i.e. the degree 
; 0 which A. oligospora grew into the seeds, uncoated seeds were sur- 
-r,c» st-ilized for 15 seconds in 70% ethanol end 90 seconds xn 2% 
sodiu. hypochlorite before incubation on Y?C- agar (2%). 
The tolerance of uncoated and coated A. oligospora colonized seeds to 
seated gastric fluid (0.1 K HC1, 0.2% pepsin (Sip.) in water) was 
c »sted in order to determine whether the viability ox the runga- «- 

trs.cZ ox an animal 

cerial when passing through cne gastrom— m*- 

, . -hp roio^i'zed seeds with a coating. 

could be improved oy providing ^ne colo ^ ^ 

me test was conducted in a Pharrca Test (a laboratory sto.acn alie- 
nor device), type ,Tw, at 50 rpa and 38-40'C for 2 hours at pH 1.04 
^ 1 hour at pH 6.5 (deionized water adjusted with HaOH) . ,ter - 
nest, 50-65 poppy and .sesame seeds, respectively, were xr.cubatec o. 
Ypg agar at 23±0.5 3 C for a maximum of 72 hours. 

Ths ..suits are shown in Table 17 below in which the viability of A. 
oi :: o5V or* is given as the percentage of seeds from which the xungus 
terminates and establishes itself on the agar plate. 
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colonized by 
A. oligospora 



66 

TABLE 17 

No. of No. of 
incubated seeds 
seeds contain- 



% seeds Cor- 
contain- ' rected 
ins viab- % x) 



10 



Uncoatzed 

15 Poppy 

Poppy 
Sesame 

Sesame 

Sesame 
Coated 
Poppy 
Sesame 



20 



25 



30 



Treatment 



ing viab- le A. 



le A. 

oligo- 

spora 



ollgospora 



Untreated con- 
trol 

Surf ace- steri- 
lized 

pepsin-HCr 

Untreated con- 
trol 

Surface -steri- 
lized 

Pepsin-HCl 



Pepsin-HCl 
Pepsin-HCl 



50 

50 

50 
50 

50 

50 

65 
64 



37 

16 

2 
48 

12 



74 

32 

4 
96 

24 



16 
31 



43 



25 



25 .33 
43 50 



^ „ ^ ffprroirisriiie' ^uiih;! from uncreated con- 
x) corrected for percentage c gerrnxn^m^ ^ Q 

trol seeds rounded off to the nearest: whole number. 

35 T C annears from the results of the surface sterilization treatment 
that the fungus' has mainly colonized the outer parts or the seed. 
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11.121 of the well-colonized seeds have bed e protective effect on 
the fungus. 

It further aooaars fro, the results that if the colonized ^seeds are 
coated, an approximately 9 times higher viability of the xungal -a- 
5 1, , obtained after treatment with pepsin-HCl. The hi S ner vxabUx- 
„ of coated seeds compared to surface-sterilized seeds indicate that 
la coating to some extent protects the hyphaa established on the 
surface of the seeds. 
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CIAIHS 

, , method of reducing the number of infective, animal par.si.ic 

nf animals so as to reduce the transnas- 
namatodes in an environment of ^rm-s 

^-on.of nematode infection to animals inhabiting said environ^, 
cte method comprising administering to an animal a compose com- 
Mising a fungal material of a nematode -destroying fungus rn orde- .o 
prrs-n = = n _.- od ,. cont .olling amount of rhe fungal mate- 

arovida an aaeauate nam=^oc= con.-- uj._ 0 

rial in the animal faeces, the composition being formulated rn sue* a 

that an adequate nematode-controlling proportion or the rung, 
material remains viable after passage through the gastrom.es^ 
tract of the animal to «hich the composition is acminrsteren. 

- . - iri w v.f C h the nematode- destroying 
? a method according to cla-n 1, m 

a - pndo-oaxasitiic fungus or an ovopara- 
fungus is a predatory rungus, an ancoparasxu. 

sitic fungus. 

3 * method according to clai* 2, in which the fungus is a predatory 
fu^us belonging to an Arthrous spp. or a .acylaria spp. 
20 L h .ethod according to clai* 3, in which the predatory funguses 
ttiobo^ oU § os P or„ ********* -.tor, Archrobocrys -,or- 
Zs, Arthrobotrys canons, Archrobochrys suparba, Arr.rooocrys 
arrnrcoocryoides, Daccylaria Candida or a fixture thereor. 

, - ~Ai<n* ra claim 1 in which the animals are domestic 

25 5. A method accorexng to cx^xn _, 

animals . 

" , la c n 5 ir, which the animals are young 
6 . A method accorexng to cia^m 3 , 

animals . 

on . . ast-v -n daim 5 or 6, in which the animals to which 

30 7 . A method accorexng ^o cx^xm j . 

- - ♦ or* untathered animals, 

the composition is aosunis tared are un.-u-a 

_ t -,-■—> r -in which the animals are pxgs . 
8. A method accorexng to cia^m 3, xn -nxca 

, . a which the composition is admini- 

9 A method according to claim 8, xn waxen 
35 _ n- v - q nr^rerably at least once a cay, 

s^ered at least once every ~wo a***, ?r ^-7 

. -. ~ _ _^ lAa^t 2 months, during a 
for at least 1 month, prererably ror a. leas. - -on , 



SNSDOClD: <V/0 _£8W«7AlJ_?> 



PCT/BK88/00039 

WO 88/06407 

73 

environment by nematodes is cri- 
period where contamination whe environ* , 

tical. 

• A ,n.din~ to daim 8, in which the environment inhabited 

10. A method according uo c_~— , 

by the animals is a pigsty. 

° i a <„ s in which the animals are domestic 

11. A method according to claim 5, m wq.cp. 

fowl . 

ro claim 13 in which the composition is ad- 
1? A method according uo ela-m n, 

„ - Ws~ one* every two days, preferably at leasu once a 

10 — ■ ^— - - — 2 *?- ' 

,„ M .„.» « *• " ^ """"" " 

tical. 



15 



rn clail2 5 in which the animals are carni- 
13. A method accoraxng claim j, 



vores . 
14. A met 



,„ - method according to claio 13, in which che aniaals are fur 

■ c iTl which the animals are herbi- 
* arcordiiiE to claim. D, m 

20 1^- ^ meu.no a accoiu.u 0 



vores . 



25 



I-*™ 15 in which the animals are horses. 
16. A method according to claim- Id, « wax 

17 a method according to claim 16, in which the composition is ad- 
" d ^ uast once every two days, preferably at least once a 
*inisterec a. .east for rt lea3 * 2 months, during 

day, for at least 1 month, preferab-v 

. n r ^vironment by nematoaes is cn- 

period when contamination o, une ----- 

tical . 

. , -o cl*im 16, in which the environment inha- 

30 18. A method according ^ claim xo, 

i « = stable or a oasture. 
bited by the animals is a Su.aox„ 

- 1S ^ W n^:ch the animals ere rumi- 
19. A method according to claim 15, - — * 

nants . 

35 20 . A, a echod according Co clai* 19, in which che animals are ca«le 
sheep , deer or goats . 
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- ~o claim 19, in which the environment 
21. r. method according «-o cic-i 

bitad by the animals is a pasture. 

2 ," A method according to claim 19, in vhich the composition is admi- 
' Ld to .he ruminants a, least once a, a time of tne year -en 
dnation of the environment by nematodes is critical. 
23 > method according to claim 22, in vhich the composition is^admi- 
Lstered to the ruminants at least once at a time of the year -en 
the animals are turned to grass. 

„ 4 aethod according to clain 22, in vdicn the condition is admi- 
nistered at least cice during a period of at least 1 nontn. 

„. A aethod according to clai* 1. in which the composition is for- 
ced so as to provide a controlled release of the rungal 

• • ^nir^ ro claim 25, in which the composition is in 
25 . A metnod according uo c-a-u. , 

_ . . „__- v t£b i a£ coated tablet or capsule, o*. 
the form of a Dolus, matrix uco u , 

coated granules. 

20 27 , position for controlling ani,al parasitic nematodes .hie, 
cerises" a fungal material of a nematode -destroying fungus and a* 
. ^- _w the viability or the runga- 

exciBient vhich. signiticantly improve en- 

■ - - t^act o^ an animal to vhicn tne corn- 
material in the gastrointestinal ^cu o 

position is administered. 

■ 25 3 .r 0 rdins to claim 27, in which the nematode- 

23. A composition according to l.~ ^ 

destroying fungus is -a predatory fungus. 

0 9 a condition according to claim 28, in vhich the fungus is a . 
; r edator; fungus belonging to an Arthroootrys spp, or a Dactylaria 



15 



30 



. sot. 



35 



to cla4n ?9, in vhich the predatory fun 
30 A composition according to ciajn . 

^ is selected iron the group consisting of Ar***o«J. ?W 
Lttafc^ rorror, ^oootrys -Ife-U. ^ooo.rys cono^s 
^rdntottaT- ^ctobonTi arthrooorryoide,, Dactylarra 

car-dida or a nixtuxe thereof. 
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, .„ 97 which comprises coazed gra- 
31. A composition according to claim 27, wn.cn . 

• nules containing the fungal material. 

32 a position according to cUiM 31. in vhich the 
coat ed -i"th one or more coating layers of an enteric coat n 

5 W atar-oermeable coating or a coating which is enzyaa.-caUy a. 
gradab'le in the aboaasua, small intestine, colon or xaeces. 

ir w vch the enteric coating 

33 A composition according to claim ^, — -~ 

./a coating which is soluble at the ? H prevailing * the colon or 
10 faeces. 

34 , position according to claim 32. in which the enteric coating 
"s lected from shellac, cellulose acetate -esters such as ce. ulo e 
etat- ohthalate, hydroxypropyl methyl cellulose esters sucn ,s hy- 

* , „m ce ^osa ohthalaca, polyvinyl acetate esters such 
droxypropyl me.nyl ca-u_os . n „ cH =c-ylic acid and 

as polyvinyl acetate phthalate, and polymers o_ me.n_c.ylx 

(meth) acrylic acid esters. 

35 , comoosition according to claim 32, in which the water-permeable 
coating is selected from ethyl cellulose, cellulose acetate c. u- 

20 se pLionace. cellulose but y rate , cellulose valerate 

SC e-at= oolyvinyl formal, polyvinyl Dutyr-1, po-ym-ny J 

-*-■"* -• ?oi> ™!" 

copolymers and po lyur ethanes . 

. . 97 which is in the form ot a 
- _ - arr nrdi n~ t-0 claim ±i , *ii- < - 1 - 
36. A composition accora-i 0 

bolus . 

37 1 composition according to claim 36. in which coated granules 
containing the fungal material are embedded in a matrix. 

_ . 17 -in which the matrix 

38. A composition according to claim 16 o. 17. m _ 
is selected from a natural or synthetic .ax. a plas.- . - 

_ . _ r * 3 vrriTi a starcn, 

polymer, a polysaccharide, such as an algm^e. a d xt.in . 

cellulose or a derivative thereof or agarose, a ,-n, 7 

-^-^^ a mi^^al such as silica o_. ^ 
hoi. fatty acid and esters - - 
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nigral wool, and a vegetable serial such as wheat: bran or seeds, 
e.g. po??y or sesame seeds. 

39 * composition according Co claim 18, in which the bolus matri* 
additionally contains an agent parting an increased specif 
5 gravity to the composition, e.g. barium sulphate. ^ ox.ce, . 
zinc oxide or an iron salt. 

■ a-^ -n rl^im 36 in which the amount of ac- 
40. A composition according uo cUm Jo, 

, . - - „ 0 -f 1.15 g, in particular 2-10 g 
rive fungal material is m the range o o« 

10 per bolus. 

. M A composition according to claim 27, which is in the for- of a 
fled block containing -bedded coated granules ' comprising the xunga. 
' material. 

15 . -^At-rtr -o claim A.1 , in which the feed block 

42. A. composition according &±«_=i .-, 

comprises molasses. 

43 k composition according no claim 27, in which the composition 

- t „ ,-™„rp;i';:''c ===nt, such as an antnei- 
further comprises a chemical =.nuipar«-u_c _ = 

Lntic or another active agent, .such as a growth promoting agent, 
.hormone, vitamin, macro- or micronutrient or amino 
. 44. L process for producing a fungal material of a nematode -destroy- 
ing fungus, which process comprises 
25 a) inoculating a suitable liquid medium with mycelium or spores of 
the fungus, 

b) growls the fungus in submerged culture under aeration and agita- 
tion to produce a fungal material, and 

c) harvesting the fungal material. 

_ ft -t-^ 44 in which the nematode-destroyit 

44 a process accorcmg v.o ci^m 

. " * . m ^edatory en endoparasitic fungus or a ovopara- 

fungus is a v~zaz^o±-j ei — ' 

sitic fungus. 

45 4 trocess according to claim 45, in which the fungus is a preda 
tory fungus belonging to an Arrhroborrys spp. or a Dactylaria sp ? . 
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47 A pro oess according Co clai* 45, in which the precatory , . 
selec ted froe Che group consisting of irduobo^ **- 
, 0 -oo,rys terror, ir^^ irttaW 

da or a mixture thereof. 

48 A Process according Co claim ,4, in which Che nedium comprises a 
organic or inorganic solid support Co which cne rungal aa- 

cerial adheres and on and/or in which it grows. 

M . orocess according to claim 48, in which Che solid support - 
rises'* spongy or porous materia! such as seeds, e g. poppy or 
Lame seeds, or an organic or inorganic poller such as porous poly 
acrylic or glass beads. 

. . , „ t1 _v. pr 0 f infectious nematodes in the 
50 a method of reducing the numoer o. inx _ 

. i ae -o -reduce the occurrence or neaauoce 

environment of animals so as uo recuce ^ 

infections in animals inhabiting said environment, the method com- 
, risitlg administering to an ani.ai a composition comprrsmg a.un..- 
serial produced by the process according to any or darn* 4, 
order to provide an adnata nematode-controlling — U» - 
gal material in the animal faeces. 
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